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tip for 
rockets 


This is a throat insert for the nozzle of a 
solid fuel rocket engine—and it is made possi- 
ble by a dramatic new isostatic pressing and 
sintering operation at Sylvania. This opera- 
tion enables Sylvania to make full use of tungsten, 
molybdenum and their alloys. It assures rocket 
and missile manufacturers of a steady and depend- 
able source of supply for the desired refractory 
metal blanks and ingots. 

orging blanks are no problem for the Sylvania 
isostatic presses and sintering furnaces; nor are 


preform blanks for machining or -electrodes 
for are casting. Sylvania is also equipped to 
“‘green machine” the blanks or furnish them 
to exact finished tolerances. 
If refractory metals are your materials, and 
special shapes, sizes or quantities your problem, 
you'll find the quality and price Sylvania offers 
to be of distinct advantage. For details, call your 
Sylvania representative, or write Chemical & 
Metallurgical Division, Sylvania Electric Products 
Inc., Towanda, Pennsylvania. 
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MEN AVAILABLE 


{ll those listed under “Men Avail 
able have membe rship m the AIMI 


Physical Metallurgist 
42. Eights 


Metallurgist-Superviser; BS 
tu te tu : 


1 teact 


Plant Manager 


Metaltliurgist: MetF 
leve 


Physical Metallargist Met 


West 


Chief Metallurgist; Met 


er 


$12,006 


—POSITIONS OPEN— 


Research Director 
hnique at 


Y. 


Technical Personne! 


Metallurgist 


st 


Metallurgists 


md 


wool 


Engineers 


les ‘ 


Consultant 


exit ‘ 


Research Metallargist: 
tx 


expert 


Research Metallargist 
Ph.D equ ent. F 


NEW BULLETIN 


A new bi-weekly bulletin of 
“Engineers Available” is now 
being published by the Engi- 
neering Societies Personnel 
Service, Inc. Distributed free 
of charge, the bulletin con- 
tains synopses of the experi- 
ence of engineers who have 
registered with the Service and 
are seeking a new position 

Any employer interested in 
receiving the bulletin should 
so advise E.S.P.S. at 8 W. 40th 
St.. New York 18, N.Y., and 
your name will be placed on 
the mailing list. Any engineer 
who is registered with the Ser- 
vice or wishes to register is en- 
titled to a 35-word notice in the 
bulletin. Write to the New 
York office for forms. Your 
qualifications will be brought 
to the attention of employers 
on our mailing list without 
revealing your identity 

It is planned to extend the 
publication to the midwestern 
and western offices in the near 
future 


\ddre replies for positions 
! | ice of the 
Person 


MerTAa.s. Office 

29 E. Madison 

Ill 57 Post 
San Fran isco, Calif at 
8 W. 40th St.. New York 
= 


Metallurgists: 


metoliurgy, w 


Box 8-JM. 


TECHNICAL MEN NEEDED 


PERMANENT POSITIONS 
OPPORTUNITY FOR ADVANCEMENT 
ENGINEERING DEPARTMENT 

Physical Metallurgist 


Industrial Engineers | 


Engineers Assistants 
Assistant Geologist 


xperier N 


Design Engineers 


CLIMAX MOLYBDENUM COMPANY 
CLIMAX, COLORADO 
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The Story Behin 
a $35,000 000 


STEEL-MAKING 
3 


Photo, courtesy of Acme Steel Company, Riverdale, lilinois, 
high-lighting new steel-making facility 


Major Engineering by Mi O 


How the MOHR organization can supply the engi The new facility provides cupolas to convert scrap 


neering know-how on steel-making expansion pro- and pig iron into molten iron; oxygen furnaces to 
grams of any magnitude is demonstrated by Acme’s convert iron into steel; ingot pouring and stripping 


new facility at Riverdale areas; soaking pits; and rolling mills to produce slabs 


Applying their long experience and guidance in and billets. 
MOHR, Whether your plans call for the development of a 


new project such as this, or the expansion of existing 
MOHR engineers are ready to counsel with 
out their recommendations with com 


translating the customer's requirements, 
working closely with Acme engineers, provided the 
major engineering for this $35,000,000 project. This facilities, 


foundations, structural and me- you and carry 


included basic layout, 
plete engineering, fabricating and contracting services 


chanical design, together with required specifications 


Your inquiry will receive prompt attention. 


ONS 
Engineers - Fabricators - Contractors - Since 1857 


3200 East 96th Street * Chicago 17, Illinois 
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Symposium on Electron Metallog- 
raphy STP 262, 134 pp., $4.25, 1960 
This volume consists of the 11 pa- 
pers on electron metallography pre- 
ented during the American Society 
for Testing Materials’ 1959 Annual 
Meeting The contents include 
Electron Microstructure of Precipi- 
tation-Hardenable Austenitic and 
Nickel-Base Alloy Sixth Progress 
Report of Subcommittee XI1 on 
Electron Microstructure of Metals 
Morphology of Phases in High- 
Temperature Alloys as Revealed by 
the Electron Miu roscope by J R 
Mihalisin Simplified Electron 
Metallography of Steels by G E 


PROJECT SUPERVISOR: PhD, or 


equivalent degree in metallurgy 
possessing oat least 3 years experi 
ence in alloy design and develop 
ment na reseorch level. T act 
a project upervisor in the Tal 
vestigatior f new r improved 
beryllium ¢ ntaining alloys in a 
brood basic research program. Sal 
ary open. Location Reading, Penn 
yivania 
Box 9-JM. 


Research Metallurgist 
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Tec hniques for Study- 
ing Structure and Growth of Tin 
Oxide by Electron Microscopy, by 


Pellissier 


P S Trozzo Electron Metallog- 
raphy of Neutron-Irradiated Steels 
by R. F. McCartney and P. S. Trozzo 

Electron Micros¢ opy of Tin Plate, 


by P. A. Stoll Instrument Modi- 
fication for Routine Electron Dif- 
fraction, by G. R. Grieger Struc- 
ture Analysis with Routine Electron 
Diffraction, by G. R. Grieger A 


Simple Application of the Carbon 
Replica Technique, by L. Pellier 
Observations of Dislocations in Thin 
Foi of Stainless Steel with the 
Electron Microscope, by R M 
Fisher and A. Szirmae and Mi- 
crostructure of a Cast Age-Harden- 
able Nickel-Chromium Alloy, by R 
F. Decker and C. G. Bieber 
Forschungsberichte des Wirtschafis 
und Verkehrsministeriums Nord- 
hein-Westfalen, Westdeutscher Ver- 
lag, Kéln 

No. 519-——Die spektrographische Bes- 
timmung der Spurenelemente in 
Stahl ohne vorherige Abtrennung, 
by F. Wever, W. Koch, and S. Eck- 
hard, 36 pp., approx $3.15, 1958 
This is a description of the moving 
electrode method used in conjunc- 
tion with the spectrograph to detect 
impurities in iron. Although the 
process does not employ the usual 
chemical separation, it does detect 
traces of elements as low as 0.0001 
pet Al or 0.0003 pct Mn 

No. 456—Zeitstandversuche an aus- 
tenitischen Stahlen und Legierun- 
ger, by K. Bungardt, 84 pp., approx 
$5, 1958—This report gives the re- 
sults of tests on the creep properties 
of chrome, molybdenum, nickel, ti- 
taniun columbium, and tungsten 
alloys performed at the Max Planck 
Institut 

No. 492—Zur Theorie der irrevers- 
ibilen Prezesse in «a-Eisen, by J 
Meixner and B. Manz, 22 pp., ap- 
prox $1.50, 1958—This paper dis- 
cusses the theory of damping, relax 
ation, diffusion, and heat transmis- 
ion in alpha iron, based on the 
thermodynamics of the irreversible 
processes. This approach serves as 
a tool to treat these phenomena in 
a general and systematic way. and 
to extend the analogy to all dy- 
namic-elastic processes 
Forschungsberichte des Landes 
Nordhein-Westfalen, Westdeutscher 
Verlag, Koln 

No. 798—Einfluss der Schutzgas- 
atmosphare auf die Eigenschaften 
von Sinterstahl, by K. Wassmann 
94 pp., approx $6.75, 1959—Thi 


1 comparison of seve ral Lases, based 
on their effect mn the mechanical 
properties of products made of pure 
iron, iron-graphite, and iron-copper 


powder mixtures 

No. 841—Untersuchungen zur Kin- 

etik des Martensitzerfalls, by H 

Blank, 33 pp., approx $2.50, 1960 

This paper describes 
precipitation velocity based 

or the temperature-precipitation 


nvestigations 


education 


MATERIALS RESEARCH 


The Massachusetts Institute of 
Technology has been awarded $599,- 
200 by the National Science Founda- 
tion for materials research 

The research will concentrate on 
two fields: low temperature and re 
lated studies, and research in neu- 
tron physics. Together, the work is 
expected to produce more complete 
understanding of some of the lesser- 


known materials 

Changes that take place at vary- 
ing low temperatures in ferromag- 
netic, ferroelectric, and organic ma- 
terials will make up that phase of 
research. To detect these changes, 
MIT scientists will measure the as- 
sociated heat properties of materials, 
and study their structures by bomb- 
ardment with X-rays and neutrons 
Nuclear magnetic resonance and 
other special techniques also will be 
used 

In the neutron physics studies, a 
polarized beam spectrometer and 
other equipment will help deter- 
mine crystal structure and mag 
netic properties 

A special group called the Labora- 
tory of Chemical and Solid State 
Physics has been created for this 
materials research. Headed by John 
C. Slater, the group is composed of 
more than 100 staff members, pre- 
doctoral and post-doctoral students, 
and research workers from the de- 
partments of physics, chemistry, 
metallurgy, and mechanical engi- 


neering 


CASTINGS RESEARCH 

The prevention of cavities in gray 
iron castings through the scientific 
selection and location of risers is one 
of the problems under continuing 
study by researchers at Case Insti- 
tute of Technology 

John F. Wallace of Case’s Dept. of 
Metallurgical Engineering is head- 
ing the group conducting this Ameri- 
can Foundrymen’s Society-sponsored 
research. They have learned that the 
phosphorus content of the gray iron 
being cast must be low to prevent 
the formation of microporosity. The 
iser itself (a riser is a small con- 
tainer which opens into the casting 
and is filled with extra metal to pre- 
vent cavity formation or depression) 
must be of adequate size to provide 
for any expansion of the mold 
cavity. The research group also has 
worked on general design of risers 
the n selves 

Grain size reduction also is com- 
ing under the scrutiny of the re- 
search team. Working with copper, 
steel, and aluminum, one such meth- 
od involves vibrating the metal as 
it solidifies, using ultrasonic tech- 


(Continued on page 506) 
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QUALITY in design and manufacture, reflecting unique experi- 


ence and constant contact with operating L-D installations. 
Precision engineered auxiliaries! 


RELIABILITY, equipment that “stays on the line’ making steel. 


SERVICE, including immediate response to field requirements, 
with service as close as your telephone. 


May we consult with you in the planning stage? 


Pennsylvania 


CORPORATION 


ry ri ry Sales Representatives: Wooldridge Company, Burlingame, Calif 


Fred Middleton Co., inc., Birmingham, Ala. 
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in oxygen converters... 
? 4 
smoke 


BSHEFFIELQ 
= Vv 
MELTS 
WITH 
LECTROMELT® 


At the Houston works, Sheffield Division, Armco Steel Corporation, two 20-foot 
Lectromelt furnaces contribute high availability, accurate control and fast turn- 
around to volume production of high quality steels. For recommendations on 
; furnace equipment for melting or smelting, get in touch with Lectromelt, world's 
largest manufacturer of electric furnaces exclusively. Lectromelt Furnace 
; Division, McGraw-Edison Company, 326 32nd Street, Pittsburgh 30, Pennsylvania. 


WHEN YOU metr...Lectromelt 


| 
| 
|| 


RUCT 


hot strip 
rolling on 


MORGOILS were first installea in 1947 
on only four stands of the hot strip mill at 
Weirton Steel Company, a Division of No- 
tional Steel Corporation. Other backup roll 
bearings have been discarded and all eleven 
stands of the rebuilt mill are now rolling 
high quality strip on MORGOILS. 


PRODUCER. 


EARINGS | 


Beginning with the introduction of the oxygen 
steelmaking process in the United States, 
Harbison-Walker refractories developed 
particularly for the linings of these vessels 


contributed appreciably to its successful opera- 
tion. These unique refractories, OXILINE H brick 


former name H-W 17-56) and H-W Oximrx, 
most widely used, now have been produced 
commercially for longer than four years. 


As the tonnage made in oxygen steel vessels 
continues to grow, Harbison-Walker refractories 


» increase in the specific kinds and qualities needed 

3 for most economical service. Additional brands 
() (5 ~ “ briefly described in the following are OXILINE 

CL and Ox1Bak. With these various special re- 


fractories used under the most severe conditions, 


the service-life curve of the linings continues its 
trend upward. 

OXILINE H (former name H-W 17-56) is the 
special tar-bonded basic brick which forms com- 
plete working linings with which many excellent 


records have been made. 
OXILINE CL (former name H-W 22-57) is 
the stabilized tar-bonded basic brick of high 


magnesia content which is highly resistant to 
deterioration in storage on exposure to normal 


atmospheric humidity and carbon dioxide. This 
working-lining refractory now in service at sev- 
eral plants is giving excellent results. 

OXIBAK is a modification of H-W MAGNESITE 


brick which is used as the fixed, protective lining 


against the shell. This hard-fired basic brick of 

ri high magnesia content is especially suitable for 
this application because of its good resistance to 
erosion and spalling. 


H-W OXIMIX is the basic ramming mix 


which forms both the monolithic hearth of the 
furnace and the intermediate monolith between 
the OxILINE brick of the working lining and the 
OXIBAK fixed lining against the shell. 


The lining here illustrated shows brands 
pioneered by Harbison-Walker which con- > 
tinue giving superior service. 


World's Most Complete Refractories Service 


HARBISON-WALKER 
REFRACTORIES COMPANY 


AND SUBSIDIARIES 
HW 60-16 GENERAL OFFICES: PITTSBURGH 22, PENNA. 
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Authoritative books for engineers 


NONDESTRUCTIVE 
TESTING 
HANDBOOK 


This new pioneering Handbook covers 

all the means of testing the essential 

properties and performance capabilities 

of materials, parts, components, and 

structures without impairing service- 
al lity 

Fuplain llustrates applications, advan 

tage of 24 different test methods 

Ty t very branch of engineering and 

industry m ior equipment ts, hun 

tes nierpretation data 

i the Society for 

ms 

Contributing 

WeMaster, Fd 

volumes, $2 


PRODUCTION 
HANDBOOK 


Packed with practical production know- 
how, this Handbook is the complete 
kev tO manacement-enginecring 
shat revolutionizing industrial 

Fully vers new materials 

per functioning 


MATERIALS 
HANDLING 
HANDBOOK 


The complete guide to modern mate 
il This unique Handbook 
overning principles 


’ hods and systems 


expl t? 
nent for moving 


ether in raw, in- 


ons, Handbook 


ration table 0 pp 
neulting Editors. Harold 

ree E. Hagemann, Assoc 
$20 


USE THIS COUPON 
TO ORDER HAND- 
BOOKS OR FREE 
DESCRIPTIVE 
BROCHURE 


checked below: 
Nondestructive Testing Handbook, 
MM 

Production Handbook, Ind Ed 


Pleas nad bh 


$16 
Materials Handling Handbook, 
H inn 
Please send free Descriptive Brochure 
on the above Handbooks. 
Check enclosed Send C.0O.D 
Bill firm Charge my account 


$20 


Firm 
Ordered by 
Address 


City Zone rtate 
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temperature 
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0.095. 0.083, 0.065 


ation Center a 


personals 


irnest Kirkendall, AIME Secretary, 

honored by his alma mater 

State University during the 

92nd Alumni Reunion May 

r. Kirkendall, who received 

S. from Wayne in 1934, was cited 

with three other alumni 

he Sheraton-Cadillac Hotel 

reunion in Detroit. The Alumni 

Award placed in Dr. Kirkendall’ 

hands was in the form of a framed 

certificat and separately-bound 
citation 

Kirkendall is known for hi 

of the diffusion phenom- 

olid metals now known as 

Kirkendall Effect. He has pre- 

suusly been honored by the colleges 

of engineering at the University of 

Michigan and Wayne State Univer- 


y 


Emo D. Porro is now vice president 
n charge of marketing for Arnoux 
Corp., West Los Angeles, Calif. He 
Wa formerly general manager of 
Arnot Astra Technical Instru- 


ment Corp div 


Armin F. Fick has been named as 

manager of Western Electric 

Omaha, Nebr., works. Mr 

oined Western Electric 

1941 \ ost recently assistant 

ngineer of manufacture for West- 
rn Electric Co 


George A. Timmons and George P. 
Halliwell were given Awards for 
ic Merit by the American 
Society during its 
Mr. Timmon 
imax Molybdenum of 
Ferndale, Mich., was hon- 
vice to the Society 
foundry industry 
director of research, 
Co., Chicago, was rec- 
is achievements in bras 


ind bronze casting 


William Chynoweth and George E. 
Smith were among recent promo- 
in the Union Carbide Metals 
management. Mr. Chynoweth 
has been appointed to the staff of the 
Process Dey 


assignments in the Union Car- 


elopment dept. for spe- 
In connection with electric 


now a Saiesman in 
Detroit office. He 
the Cleveland 


Siegrist has become assist- 
editor of Metals Progress 
an Society for Metals’ pub- 
Previously, he was training 

r for ASM’'s home study 


cnoo 


Ernest F. Nippes, professor of met- 


allurgical engineering Rensselaer 


ued on page 518 
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: ipplication of ultrasonic vibrations 53 
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vi thought to have commercial possi- 
nee tl metal has not been 
reaqaily formed by otnet! method 
Similar methods have also been tried 
a mn nc, magnesium, tin, antimony + 
bismuth, and gray iron . 
Development of an as-cast grain 
; refiner for cast steel is 
Arsena ! i econd phase I grain 
researc! Re ilts so far indicate that Fs 
“| idding certain chemicals that do not 
4 melt at the high Ps of 
molter meta cons| reduce 
oa grain re. These unnamed chemical ; 
il ida to reduce sepal ition of 
element the olidification 
Supt roved principles, time- and work 
ind successful operating pro Literature 
edu f cimum productivity at mini 
48 ributing. Consulting Editors old-rolled strip featured in 
Gor Cor Ed. Ind Ed. 1958 $16 1 new booklet 
nea tt it 
to 6 1! ind f 
0.049 
The booklet may be obtained by ; 
writing the Caine Steel Ci 501 
W. Grand Ave., Chicago 39, II # 
®& Vanadium Corp. of America ha 
nm finished form a new booklet entitled The Stainl # 
Useful in ndustrial sit Stes The booklet covers the d 
' question of work flow elopment of staink 
, Society of Mechanical Enei 1797 t those ist today Write 
ner American Handling Vanadium Corp of America, 420 
a4 ¢ ‘ Lexington Ave New York 17, N.Y 
Battelle Memorial Institute has pre- 
pared a t of commercially avail- : A 
j eee ible cobalt compound The two- re 
page immary ts 46 organic and 
norganic compound including the 
p new pota im cobalticyanide, and 
| provide information on their use 
formulas per cent cobalt molecu- cial 
| | ir weight, specific gravity, crystal- bide diy 
‘ | $24 | ne form, melting point, and solu- furnace work 3 
| | ty A tno >t irce o! the Corl Si ith IS 
Ms | | pounds are not listed, this informa- harge of the iit ss 
| ivallable fron the Center formerly 
| request district 
| Propertie nd Use of Commer- Fred bs. 
| | ble Col t nd ant 
| “ be sent to persor idare ng re- Ame 
| | juest company ietternead to the licat 
| JM-2 | Cobalt Information Center, c/o Bat- supe am 
| te Memorial Institute 05 King — 
| Ave., Columbus 1, Ohio. Requeste1 4 
15 East 26th St.) York 10 | 
olonie srussel elgiun (Contin ) } 
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Pre-Engineering’ by KAISER ENGINEERS 
answers basic plant expansion questions... 


| 


+-— 


Profitability ? Faced with the decision to expand your plant facilities, you 


should first determine whether all elements combine to form a pattern of future profitability. 


Independent analysis of all aspects of your proposed program is the Pre-Engineering service offered 


by Kaiser Engineers. The studies and evaluations furnished by KE Pre-Engineering represent only 


one phase of total KE services. Kaiser Engineers designs and builds for the Stee! industry...offers 


skilled experience in all types of facilities from raw material plants to finishing mills. From Pre- 


Engineering through design and construction, Kaiser Engineers provides complete one-company 


service and ingenuity based on years of experience. 


KAISER KAI Ss E E N G N = R Ss engineers -contractors 
—" Contracting since 1914 


Oakiand 12. Calif Chicago. New York, Pittsburgh, Washington. D.C 


Accra, Buenos Aires, Montreal, New Deih!, Rio de Janeiro, Sydney, Vancouver, Zurich 
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STORA-KALDO OXYGEN STEELMAKING DEVELOPMENTS 


In England, the Consett Iron Company Limited re- 
cently announced plans to install two 110-ton Stora- 
Kaldo convertors . . . in France, Sollac (Societe 
Lorraine de Laminage Continu) began operating 
their new 110-ton Stora-Kaldo converter in April 
. in Oxelosund, Sweden, another facility with 110- 
ton vessels will start production early in 1961 
in Domnarvet, Sweden, installation of converters of 
comparable capacity has been programmed. 


The original 30-ton facility at Domnarvet has passed 
the three-hundred-thousand-ton mark. Steelmakers from 
the United States have witnessed production, by this 
process, of a wide range of grades of carbon steel 1005 
to 1095 without recarburization. The specified steel 
chemistry and tapping temperatures were met exactly 
Slabs and ingots were shipped to the United States and 
processed into finished products, ranging from deep 
drawing material to cutlery stock. Comments from 
ultimate users ran from ‘“‘good"’ to “‘the best material 
we ever had.”’ 

These events and the facts detailed below are causing 
more and more steel producers to take a close, hard look 
at the Stora-Kaldo process: 


FACT NO. 1. What is believed to be the largest single 
heat 122 tons—-ever produced in a basic oxygen con- 
verter of any type was produced by Sollac with its 
Stora-Kaldo facility (23 cubic feet of furnace volume 
per ton of rated capacity). Consistent heats of 130 tons 
and more are programmed as this installation reaches 
normal production later this year. 


FACT NO. 2. The ingot yield of virtually every heat 


at Sollac has exceeded 90 per cent since operations started 


FACT NO. 3. Capital costs for a Stora-Kaldo installa 
tion are comparable to or lower than competitive proc- 
esses for equivalent capacity and conditions. 


FACT NO. 4. The Stora-Kaldo process is inherently 
flexible in its ability to produce, within precise metal 
lurgical limits, a wide variety of carbon steels on a heat 
to-heat basis not a “hit or miss’ basis without 
recarburization and at desired tapping temperatures. 


FACT NO. 5. Slag analyses show refractory consump- 
tionof 24 pounds per ton of steel, during initial operations 
of a 110-ton Stora-Kaldo converter, when heat times 
were considerably longer than normal during crew train- 
ing programs. This performance substantiates the value 
of recent lining design developments and assures con- 
tinuous operation of two vessels in a three vessel plant. 


FACT NO. 6. The process can be ‘operated with 96 to 
98 per cent purity oxygen to produce steel having a 
nitrogen content of .003 per cent or less. A typical heat 
analysis using 99.5 per cent oxygen showed: 


Hot Metal Ladle 
3.6 061 
Mn 330 395 
1.7 O15 
S 045 O11 


002 


FACT NO. 7. Oxygen flow rates currently are 5,000 
cubic feet per minute and are being accelerated. Oxygen 
consumption is approximately 1,950 cubic feet per ton 
of steel when scrap is used for cooling. 


FACT NO. 8. High percentages of scrap and ore can be 
used for coolant. The therm! efficiency of the process 
permits scrap addition of up to 50 per cent of total 
metallics charged. This will produce one and three- 
quarter tons of steel per ton of hot metal. If ore is used 
for coolant, approximately one ton of steel is produced 
per ton of hot metal 


FACT NO. 9. Size of gas cleaning equipment required 
is modest because carbon monoxide is almost totally 
burned inside the furnace. The exhaust hood is a simple 
water-cooled duct. The oxygen lance is a water-cooled 
pipe which projects through and is connected to the 
hood. The lance is automatically positioned as the hood 
is moved into place. Normal lance life is in excess of 
one thousand heats. 


Engineering specialists are available to prepare economic 
and feasibility studies to help you evaluate the Stora- 
Kaldo process as it applies to your individual opera- 
tions. Under United States and Canadian rights granted 
by Stora Kopparbergs Bergslags Aktiebolag, Sweden, 
Dravo can furnish complete design, manufacturing, con- 
struction and installation of Stora-Kaldo facilities, pro- 
viding undivided responsibility for the entire contract. 


For more information, write or phone Dravo Corpora- 
tion, Pittsburgh 22, Pennsylvania, EXpress 1-2600. 


DRAVO 
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CHEMICO VENTURI WASHERS 


Where major investments are concerned, performance is vital. At the Algoma Steel 
Company's new Sault Ste. Marie Basic Oxygen Steel plant, Chemico Venturi 
washers are exceeding all original performance specifications. Case in point: since 
start-up in November, 1958, there has been virtually no maintenance on the 
Chemico washers. This is a normal record for Chemico washers. They are designed 
to eliminate shut downs for maintenance on gas washing systems, thus making it 


unnecessary to invest in spare equipment. 


Chemico Venturis are paying Algoma other dividends, too, for these washers are 
operating at better than 98% efficiency. During test periods when operating at 
50% over design capacity, the flexibility of the Chemico washers permitted the 
extra load to be handled without increased washing facilities. 


If steel is your business and air pollution your problem, it pays to consider Chemico 
Venturi washers. You can obtain full information, a copy of a detailed technical bro- 
chure, and technical assistance concerning your problem by writing Chemico today. 


CHEMICAL CONSTRUCTION CORPORATION 
S2S West 43rd Street, New York 36, New York 


CHICAGO DALLAS HOUSTON @ PORTLAND. ORE. « TORONTO LONDON PARIS JOHANNESBURG TOKYO 


‘ 
af 3 
4 
q 4 
= 
4 
‘ 
i 
a 


Ford has new OH process 


Using a combination of fuel and oxygen 
and substituting burned lime for lime- 
stone is expected to reduce by one-half 
the time required to make a ton of steel 
by conventional open hearth methods, so 
says the Ford Motor Co. However, the 
process is still in the experimental stage 
cautioned company president, Henry 
Ford, Il, at the firm’s annual meeting 

William J ill general manager of 
the company’s steel div., said that “As we 
gained experience with oxygen during the 
past several years, we began to experi- 
ment with oxygen-fuel lances through 
which both the fuel and oxygen are in- 
troduced to produce extremely high tem- 
peratures. To the best of our knowledge 
no other steelmaker has installed these 
lances in the process.” 

Continuing, Mr Reilly said, “These 
developments led George Ferris, manager 
of our open hearth furnaces, to consider 
how the entire process might be hastened 
even more with the extra heat availabl« 
Mr. Ferris reasoned that, if burned lime 
were used instead of limestone, it, to- 
gether with the oxygen, should make even 
more heat available and hurry the proc- 
ess along without risk of mass freezing 
of the furnace 

“He charged our 200-ton furnace with 
burned lime and scrap, with the oxygen 
fuel lance in operation. As soon as the 
initial charging process was completed, 
he added the molten iron. This was done 
about “™ hr after the start, rather than 
2 or more hours later. He then shut off 
the fuel in the oxygen-fuel lances, allow- 
ing the conventional end-firing burners 
the heat-producing chemical reaction of 
the ingredients, and the continuous flow 
of oxygen to refine the steel. In less than 
3 hr, 200 tons of high-quality steel were 
tapped.” 

The furnace averaged more than 60 tph 
in the experimental series—compared to 
30 tph previously. They also tried the new 
technique on a 400-ton open hearth 
equipped with oxygen lances, and got 
yields of 100 tph, compared to 40 tph 
using normal oxygen practices 

There are some problems which have 
to be solved before the process can be 
used on a commercial basis, however. Ons 
factor is the heat of the flame created by 
the gas-oxygen mixture. This 5000°F tem- 
perature may shorten the life of furnace 
refractories It is also questionable 
whether the heat could be maintained 
throughout the entire steel refining proc- 


ess 


LD steel’s future 


Production of some 25 million metri 
tons of LD steel by 1965 is predicted by 
the managing director of Vereinigte 
Osterreichische Eisen und Stahlwerke 
AG (VOEST). The present jual pro- 
duction rate of 9.15 mill n ic tons 
will be augmented by construction of 
further LD works with a combined capa- 
city of 15.6 million metric tons, he pointed 
out. Referring to VOEST’s collaboration 
with Krupp, Herr Hitzinger announced 
that both firms were presently working 
on 30 LD projects, with at least two being 
completed annually 


U.S. Steel plans Wyo. mine 


When completed in 1962, a Wyoming 
mining and beneficiating facility will help 
stoke the blast furnaces of U.S. Steel 
Corp.'s Geneva works near Provo, Utah 
The ore will supplement the Columbia- 
Geneva Steel div.’s Cedar City, Utah, 
plant, which will continue to operate 

Extensive mining, concentrating, and 
pelletizing operations—known as the At- 
lantic City Project—will supply pelletized 
iron ore to the Provo, Utah, integrated 
works. It is destined to become the high- 
est (8300 ft above sea level), large-scale 
open-pit iron mining operation in the US 
After: operation begin, conventional 
open-pit methods will be used to mine 
the ore, which contains about 30 pct Fe 
Next, the ore will be crushed, then con- 
veyed to the concentrating plant, where it 
will be magnetically concentrated to more 
than 60 pct Fe. Ore concentrate will move 
to the pelletizing plant, and then to the 
blast furnaces in Utah 


LD in Australia 


Broken Hill Proprietory Co. is studying 
the possible installation of basic oxygen 
(LD) steelmaking faciliti At present, 
the Australian firm’s output is based on 
the open-hearth proce but it plans to 
crap 14 open hearths at Newcastle and 
install 200-ton LD vesse! by 1962. Steel 
production will be undertaken at Whyalla 
about 1964, when 100-ton vessels will be 
put into operation. At each plant, two 
vessels will be installed; one for use, and 
one in reserve 


Oxygen production upped 


An increase of 400 tpd in the oxygen 
producing capacity of Linde Co., div. of 
Union Carbide Corp., has been announced 
Most of the oxygen increase will go to 
teel producer among them, Bethlehem 
Steel Co., National Steel Corp., Republi 
Steel Corp., U. S. Steel Corp., Colorado 
Fuel & Iron Corp., Armco Steel Corp., and 
Detroit Steel Corp 


Rotor steelmaking . . . report 


South African Iron and Steel Industrial! 
Corp. (ISCOR) is making strides in rotor 
steelmaking. A recently-installed 100-ton 
unit at the company’ Vanderbijlpark 
plant is reportedly exceeding expecta- 
tion A similar 100-ton furnace is now 
being erected at ISCOR’s Pretoria plant 

The 49.2 ft-long furnaces revolve be- 
tween 0.15 and 4 (max) rpm. Each fur- 
nace ha two interch 

The blowing time varies from 30 
nin, depending on the weight of the 
and the type of steel being made 


angeable 100-ton 


* * 


From Oberhausen, Germany, home of 
I rotor, come reports of lining life of 
Fettling with intered tar 

required every nine or ten 

much as 40 pct scrap has been 


ome he 


word that 


installed 


: 

Be From Russian sources comes 

a new rotor convertor is to be Il =" 
at the Azov-Stal work 


Cornerstone 


Laid for 


A Hundred thousand miracle 
and the cornerstone was laid for the 
United Engineering Center. Presid- 
ing at this solemn event were Andrew 
Fletcher, president of the United En 
gineering Trustees, the Honorable 
Herbert Hoover, and Mayor Robert 
F. Wagner 

Traditionally, the laying of a 
cornerstone both olemn and 
joyous, with the participants keenly 
aware that they are taking part in 
an event by which future civiliza- 
tions will judge both their character 
and their nation. Pride also marked 
the ceremony pride from a job 
well done, coupled with a knowledge 
of a share in the future 

Our tribute todays Mayor Wag 
ner said is not to a building be- 
cause it will enhance the skyline of 
our city but because it will accom 
modate a cla of professionally- 
trained men and women who are 
dedicated with a common unselfish 
interest, the benefit of their fellow 
man.” 

Industry and education, as well 
a engineet have contributed to 
ward the United Engineering Center 
and “we may be certain that the seed 
of truth thu pread will take root 
and produce a hundredfold, thus 
bringing benefit to industry ad- 
vancement to educatior and gratifi 
cation to individual engineers as well 
as their respective societic 

Mayor Wagner continued, pointing 
yut that although the professions of 
aw and government were older, 


the tature and prestige of profes- 


ial engineering must be preserved 
advanced.” It is hoped that, “in 
cementing th ymbolic stone, we 
will have trengthened not only the 
oundation of a highly gnificant 
fe il building, but our healthy 
i hae e t unt 
Die i irvive thre t not only 
times but be nd the d 
t 
I ps Vice Pre 
de ‘ nee I te« 
reca t ‘ 
erstone Du ntained i 
box wl held document re 
and record Ir <eeDI! vith th 
traditior the rnerstone f the 


United Engineering Center, he said. 


512—JOURNAL OF METALS, JULY 1960 


Engineering Center 


Trowel in Hand... 


Andrew Fletcher (left), president of the United Engineering Trustees, smiles 
his approval as the Hon. Herbert Hoover lays down the first mortar which 
will anchor the cornerstone of the new building. Looking on is Robert F. Wag- 


ner, Mayor of New York City 


will contain documents and records 
from the contributing societies, along 
with a picture of Herbert Hoover 
and his “message to posterity” 
Amid a standing ovation, the Hon- 
orable Herbert Hoover then strode 
forward to make a speech to history 
I have been asked to contribute a 
forecast of what this world may be 
like when this receptacle is opened 
one hundred years hence, but mor- 
tals were seldom equipped with the 
gift of prophecy. And the past rec- 
ords of prophets are not too reassur 


All we can say with assurance 
“that the progress of the world in 
the last hundred years has come 
rom free and productive minds i: 
the civilized part of the world—that 

the nations possessed of indepen- 
lence and personal freedom. If these 
freedoms be preserved, they will 


bring more and more discoveries into 


the fundamental forces in the Uni 
verse. And then the engineers will 
apply these discoveries to the re- 
lease from less important tasks and 
bring more comforts to mankind 

During the last century, our pro 
fession of engineering has advanced 
from the status of a trade to a great 
profession, ranking with all other 
great professions. And with the 
training required for an engineer, a 
great contribution for the future has 
come to the world. The very nature 
of training for our profession de- 
ity and 
minds to whom truth has become an 
instinct. The leaven of this sort of 
mind will contribute to continuing 
progress in the free world 

Mr. Hoover then made his way to 
the cornerstone, scooped a trowel of 
cement from a nearby basin and set 
the stone in place 

A brief benediction then finalized 
the ceremonies 
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* « »« news of "Electromet" ferroalloys and metals 


NEW LOOK IN FERROALLOYS -- Steelmakers are using greater tonnages of the 
new forms in which certain alloys are supplied by Union Carbide Metals. 

For example, refined chrome and 75 per cent ferrosilicon are available as convenient 
pigs that greatly simplify handling. When added to the furnace or ladle, these 

pigs give higher metallic yield because no fines are lost in the slag. Their use? 
Refined chrome is used in stainless steel, aircraft and bearing steels, tool steels, 
@nd cast iron. 75 per cent ferrosilicon is a pdpular open—hearth ladle addition, 
particularly in electrical steels. 


UNIT-WEIGHT PACKAGES GROW -- A popular packaging feature of many 
"Electromet" alloys is unit-wéeight cans and bags. Containing exact weights of 
@lloying elements, these packages provide accurate alloy additions simply by 
counting out the number of packages required. “Chromtemp" exothermic ferrochrome 
and "Mantemp" exothermic ferromanganese -- highly efficient ladle addition alloys 
for open-hearth steels -- are packed in unit-weight cans. So are self-reducing 
tungsten and self-reducing vanadium, economical alloys for tool and constructional 
Steels. Also, 17 "Electromet" alloys are available in unit-weight bags. 


* * * 


FORMS PROCESSED IN A VACUUM -- Other alloy forms include bricks and 
pellets of "Simplex" ferrochrome, a widely used low-carbon ferrochrome for 


Raa Stainless steel. These convenient forms are available because the alloy is vacuum 
an processed to drive carbon down to éxtremely low levels. Having the lowest carbon 
ea ‘content of any ferrochrome available, the alloy aids stainless melters in meeting 
+a low-carbon specifications. Also, "Simplex" ferrochrome penetrates the slag and 

“a dissolves readily. As an aid to handling, storage, and inventorying, the bricks 


are packed in new pre-weighed steel-strapped bundles. 


* * * 


AT YOUR SERVICE -- Improved alloys and packaging techniques are under 
constant study at Union Carbide Metals. Experienced materials-handling 
representatives work directly with metal producers to help determine the most 
efficient and economical types of alloy packaging and handling in individual plants. 
Their recommendations on traffic, handling, storage, and usage often result in big i 
savings in money, time, space, or material. 


* * 


NATION-WIDE FACILITIES -— To meet the demand for a wide variety of alloys 
and metals, Union Carbide Metals maintains an efficient warehouse and distribution 
network to serve metal producers throughout the country. Stocks are maintained 

at 6 plants and 26 warehouses conveniently located near major metal-producing 
centers. Rail, truck, barge, and boat shipments speed products to customers’ 
plants. Your Union Carbide Metals representative will be glad to give you further 
information about the products and services described above. Ask for the 

article, "Electromet Alloys...When, Where, How You Meed Them," in the Winter 1959 
issue of UNION CARBIDE METALS REVIEW. 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 


270 Park Avenue, New York 17, N. Y. -In Canada: Union Carbide 
Canada Limited, Toronto. 


"Chrostemp," "Electromet," "Mantemp," "Simplex," and "Union Carbide" 
are registered trade marks of Union Carbide Corporation. 
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to the editor 


Electron Beam 
In the May issue of JOURNAL oF 
METALS there is an article by C. M 


Adams on Electron Beam Welding 
(p 410) 

Professor Adams implies that at 
oltage between 15,000 to 30,000 


volts fusion zone shapes similar to 
those produced in permanent 
welding are obtained, and 
that deep, narrow welds are pro- 
duced only by very voltage 
equipment 

The attached photomicrographs of 
welds made in our laboratory at 25,- 
000 volt that at least a 
4:1 depth to width ratio can be ob- 
tained at relatively low 

We would 
would 


elec- 


trode ar 


high 


demonstrate 


voltages 
appreciate it if you 
readers of this 


inform 
recent development 

Marsbed H. Hablanian 
Development Engineer 
NRC Equipment Corp 


youl 


Chief 


Electron beam welded at 25,000 v ... 


Top and right, Type 347 stainless 
macro-etched in saturated solution 
of ferric chloride in aqua regia. 6X. 
Below, 347 stainless microetched 
electrolytically in 10 pet oxalic acid 
solution. 250X. 


Re: English vs Metric System 


This action comes from your in- 
vitation in the April issue of the 
JOURNAL, p. 276, to express thoughts 
concerning the above comment 

Measuring systems are engineer- 
ing tools, and the units by which 
measurements are expressed con- 
titute a shorthand means of com- 
munication. The traditional origins 


may have nostalgic values, but when 


they become cumbersome and time 
consuming in interpretation, appli- 
cation, and communication, they 


replaced to save time and 
promote efficiency. Generation after 
generation is burdened with the 
poorly related English terminology 
and makes them victims of an obso- 
lete system for measuring time, tem- 
perature, dimensions, weight, vol- 
ume, and so forth 


should be 


The revision should not be a tem- 
porizing procedure such, for ex- 
ample, as the term micro inch; nor 
should the mixed-up British version 
of tons per inch per “C be 
allowed to obtain a foothold 

It would matter little whether the 
meter is 1 ft long, 3 ft, or 5 ft, just 
as long as its standard dimension is 
internationally agreed upon and 
stabilized for a 10, 20, or 99-year 
term. The decimal system would 
take care of the rest 

Since time is pressing upon engi- 
neering schools and graduates to ac- 
complish more in less time, a first 
step toward speeding up the change 
should begin with the 1960 freshman 
college engineering classes 

It is certain that some expense and 
confusion, as well as delay, is in- 
evitable for a change of this magni- 
tude, but since its objective is de 
sirable for the long term, its accom- 
plishment should be achieved as 
completely as possible 

It should be fully supported by the 
Government, as well as engineering 
societies such as the National Acad- 
emy of Sciences and Engineers Joint 
Council, for example. A Government 
decree would serve this purpose best, 
but since this might seem dictatorial 


square 
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a milder approach by way of the 
Government purchasing all its re- 
quirements through metric specifica- 
tions and standards would quickly 
lead the Country toward adoption of 
the metric system 

We should not wait for India and 
Japan to show us the way 


James S. Vanick 
Consultant, The International 
Nickel Co. Inc 


Rocky Mt. Minerals 
Conference to Meet 
at Salt Lake Oct. 5-7 


The Sixth AIME Rocky Mountain 
Minerals Conference is scheduled 
for the Newhouse Hotel in Salt Lake 
City, Oct. 5-7 

The program will consist of five 
technical sessions, with papers on 
such subjects as fused electrolysis 

rock mechanics reagent sys- 
tem design . undersea mining 
and the role of microorganisms in 
the leaching process. An exploration 
symposium also will be held, with dis- 
cussions of what constitutes explora- 
tion, the cost of exploration, and 
Canadian vs American exploration 
practices. Final event of the three- 
day meeting will be a field trip to 
Hercules Powder Col.’s new Minute- 
man missile research plant at Bac- 
chus, Utah 

Sponsor for the Conference is the 
Utah section of AIME. J. M. Ehrhorn 
is the Conference’s General Chair- 
man; H. E. Wright is Asst. General 
Chairman; A. Soderberg is in charge 
of Program; J. L. Peterson, Arrange- 
ments; J. E. Van Stone, Entertain- 
ment; R. L. Stewart, Publicity; and 
Mrs. A. J. Thuli, Ladies Events 


Corrosion Complaints 
On 316L Stainless 
Sought by Welders 


The High Alloys Subcommittee of 
the Welding Research Council would 
like to receive any complaints in- 
volving 316L weld metal 


Service exposure of Type 316L 
stainless steel in the as-welded con- 
dition seems to lead to weld cor- 
rosion under a variety of conditions 
However, too little information has 
been published to permit prediction 
of this attack 


The Subcommittee soliciting 
information about any such experi- 


ence. A post card addressed to the 
WRC High Alloys Subcommittee, 
1500 S. 50th St.. Philadelphia 43, 


Pa., will initiate the correspondence 
necessary to explore the conditions 
under which the weld corrosion 
occurred 
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editorial 


Basic Oxygen 


Steelmaking 


This month the Journat or Meracs takes pride 
presenting a comprehensive summary of developments 
taking place in the basic oxygen steelmaking processes. 
With a world-wide tidal wave moving these new pro- 
cesses forward, we felt that, while you might not be 
overly concerne d with such problems as the treatment 
of high- phosphorous hot metal, you would neverthe- 
less be interested in noting the ad: uptation of basic oxy 
gen steelmaking to difficult-to-solve steelmaking prob- 
lems in many countries, 


In this issue, you are directed to the history of the 
LD process, the place of basic oxygen steelmaking, 
the physical chemistry of the process, a summary of dust 
control procedures, and then some words about specific 
problems, processes, and plants. We have included both 
the LD and the Kaldo processes, as well as such varia- 
tions as the LD-AC process, and a new Canadian bot 
tom-blowing process. We regret the lack of an article 
on the Oberhausen Rotor process, but with the recent 
start-up of operations in South Africa, perhaps new in- 
formation will soon be available on this process. In the 
meantime, we call your attention to the article, Rotor 
Steelmaking Process, by Graef et all on pp. 1425-1439 
of the November 1957 issue of JounNAL or METALS. 


We hope to make this special issue on Oxygen Steel 
making an annual event, since the rapid strides being 
taken by these processes would seem to call for it. 

But for our readers in others areas of me tallurgy, be 
assured that we have not forgotten you and are even 
now planning several special issues for your areas of 
metallurgy later in the year. FWS 
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ACME STEE 


Sa 


In mid-1959, when the first heat was poured at Acme 
Steel Company's new 35 million dollar plant at River- 
dale. Illinois, steel was made for the first time in North 
America by the combination of continuous hot blast 
cupolas and top blown oxygen converters. New speed 
and economy were brought to the production of high 
quality steel ... and Acme’s finishing mills were assured 
a supply of ingots at lower cost to serve an expanding 
list of customers. 


A striking highlight of Aeme’s accomplishment is that 
just a few years ago the company did not produce any 
of its own steel! Semi-finished steel for its hot and cold 
rolled products was all purchased, subject to constantly 
changing prices and delivery schedules. When the 
company planned to integrate its operations, a key 
factor was a reliable, low-cost supply of high purity 


oxygen for the converters. Acme called on Air Products 
for engineering and cost studies, and made the decision. 
As a result Air Products installed directly adjacent to 
the mill a generating facility that can supply Acme with 
more than 80 million cubic feet of high purity oxygen 
per month, at no capital investment to Acme. Acme’s 


converters get all the oxygen they need at the low cost 
that makes this new process feasible. 


Helping American industry put gases profitably to work 
has been Air Products business for over 20 years. Air 
Products developments have reduced the cost of bulk 
oxygen by 80°, ... turned many so-called “waste 
gases’’ into valuable new sources of raw materials 

provided industry with continuous tonnage quantities 
of pure oxygen, nitrogen, argon, helium, hydrocarbons 
and synthesis gases. If your plans hinge on a dependable, 
low-cost supply of these or other gases, we are ready to 
give you facts and recommendations that make sound 
business sense. Air Products, Inc., Allentown, Pa. 


Air Products oxygen facility supplying Acme Stee! Co. 


INCORPORATED 


RESEARCH METALLURGISTS 


The continual expansion of our central Research Laboratories of- 
fers a rich opportunity for qualified professional metallurgists, MS 
Ph.D. The highly diversified product line of this established, pro- 

» gressive corporation provides opportunity for company-sponsored 
metallurgical research of almost unlimited variety and scope. Per- 
sonal interest, initiative, and achievement are recognized in a work 
environment designed to maximize individual freedom and oppor- 
tunity. 


Write, giving details of educational background and prior work 
experience to 


J. T. Jarman 


Assistant to Vice President 
in Charge of Research 


Allis-Chalmers Mfg. Co. 


Milwaukee 1, Wisconsin 


STEELSTEELSTEELSTEELSTEEL 
RESEARCH METALLURGISTS 


Continuing a program of gradual expansion of facilities and personnel, the J&L 
Research Division is interested in employment inquiries from engineers who are con 
sidering an employment change now or in the near future. Plans have recently been 
approved to moke a significant addition to laboratory and shop space within the 
next yeor 


Openings presently exist in the following areas: process metallurgy, physical metal 
lurgy, metal working, corrosion, alloy development, electrical steels, ore beneficio 


tion and agglomeration 


Inquiries are welcomed from men with Ph.D. M.S. or BS. degrees, with or without 
industrial research experience. When it appears to be mutually desirable, interviews 


are arranged in Pittsburgh 


Excellent opportunity exists for professional development and personal advance 
ment in the research field or in technical functions related to production and sales 
Continuation of education through attendance at evening classes at Carnegie Insti 
tute of Technology and the University of Pittsburgh is encouraged by the J&L 
Educational Assistance plan 


If you ore interested, send a complete resume in confidence to 


J. A. Hill 
RESEARCH AND DEVELOPMENT DEPARTMENT 


ones & Laughlin Steel Corporation 


900 Agnew Road, Pittsburgh 30, Pennsylvania 
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PERSONALS 


(Continued from page 506) 


Polytechnic Institute, has been 
elected Director-at-Large of the 
American Welding Society 


Eugene A. March is now the direc- 
tor of metallurgy for Crucible Steel 
Co. of America. Mr. March was 
formerly assistant works manager at 
the Co.’s Midland, Pa., plant 


Pierre E. Coheur has been named 
administrative manager of the Cen- 
tre National de Recherches Métal- 
lurgiques, of Belgium. The appoint- 
ment followed the announcement 
that the Centre’s Charleroi and 
Liege sections have been united. Ad- 
ministrative services for the com- 
bine will be carried out at Abbaye 
du Val-Benoit 


P. S. Weaver and Samuel Naismith 
are among recent U.S. Steel Corp 
appointments. Mr. Weaver, a U.S 
Steel employee since 1933, is now 
assistant vice president—appropria- 
tions. Mr. Naismith, formerly analy- 
sis engineer in the facility planning 
dept. of engineering and research, 
has taken the post of vice president 
facility planning 


Carleton S. Harloff, president of 
Phelps Dodge Refining Corp., has 
been elected a director of the Long 
Island Railroad and a trustee of the 
Ridgewood, N. Y., Savings Bank 


John C. Fisher has been appointed 
to the Mechanical Engineering Ad- 
visory Committee in the University 
of Rochester's College of Engineer- 
ing. Dr. Fisher is a research metal- 
lurgist in the Physical Metallurgy 
section, General Electric Research 
Laboratory 


International Nickel Co. Inc.’s an- 
nual organization meeting of the 
board of directors resulted in a series 
of new appointments 

Albert P. Gagnebin and Ralph H. 
Waddington were elected vice pres- 
idents of The International Co. of 
Canada Ltd 

John A. Marsh, vice president of 
The International Nickel Co. Inc., 
was elected to the further office of 
president of the Huntington Alloy 
Products div 

In other appointments, L. E. 
Grubb became vice president—sales 
and E. M. Kline, vice president 
operations, both in the Huntington 
Alloy Products div 


Paul Queneau, Past-Chairman of 
the Extractive Metallurgy Division's 
Copper, Nickel, and Precious Metals 
Committee, has been named techni- 
cal assistant to the president, The 
International Nickel Co. of Canada 
Ltd 


G. J. Brittingham has completed his 
assignment with the United Nations 
Korean Reconstruction Agency and 


(Continued on next page) 
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PERSONALS 


(Continued from previous page) 


is again available for consulting in 
nonferrous extractive metallurgy. He 
has returned to London 


Donald F. Rundle is now manager 
of metallurgical development at 
Climax Molybdenum Co.'s Chicago 
field office. The Co. is a division of 
American Meta! Climax Inc. Form- 
erly managing engineer of Chrysler 
Corp.’s metallurgical research de- 
partment, Mr. Rundle will now co- 
ordinate developments involving 
molybdenum alloy irons and steels 
in the tractor, oil field equipment, 
and railroad industries 


Clyde Williams, former AIME Pres- 
ident and one of the organizers of 
The Copper Products Development 
Association (CPDA) addressed the 
Copper and Brass Research Associa- 
tion on The Renaissance in Copper 
recently 

Dr. Williams cited the following 
projects that CPDA plans to under- 
take or has under consideration 


1) Development of a stainless cop- 
per, possibly by metallurgical sur- 
face treatment 

2) Development of organic and 
inorganic protective finishes for 
copper, brass, and bronze; 


METALLURGISTS 
PHYSICAL CHEMISTS 


For composite 


materials research... 


3) Development of abrasion-re- 
sistant plastic finishes for copper 
products and combinations of cop- 
per with the newer plastics and 
glasses to give materials of superior 
properties and great esthetic appeal; 


4) Increased uses for copper in 
cast iron and as an alloying element 
in steel; 


5) New copper-base alloys of un- 
usual properties and utility; 


6) Combinations of copper and 
aluminum for electric power appli- 
cations; 


7) New uses in construction and 
in the transportation industries; and 


8) The development of copper 
chemicals for use in industry and 
agriculture 


The growing acceptance of elec- 
tric-drive for trucks and construc 
tion machinery indicates that elec- 
tric-drive automobiles may not be 
too far off, Dr. Williams noted. An 
electric motor at each drive wheel 
and the necessary generating equip 
ment could boost copper consump- 
tion, he predicted. The field of 
marine technology is another major 
outlet for copper 


William J. Killian and Harry E. 
Orr have been promoted by the 


analogous systems 


apparatus. 


Vanadium Corp. of America. Mr 
Killian moves up from assistant 
manager to manager of the Pitts- 
burgh district. Mr. Orr relinquished 
the managerial post in order to de- 
vote full time to being commercial 
vice president of engineering sales 


Robert F. Mehl has been awarded 
the Platinum Medal given by the 
Institute of Metals (UK). Dr. Mehl, 
currently on leave from Carnegie 
Institute of Technology as European 
scientific liaison for the U. S. Steel 
Corp., was cited for his contribu 
tions to nonferrous metallurgy 


George H. Wagner, director of re- 
search for the Linde div., Union 
Carbide Corp., was recently awarded 
the 1960 Schoellkopf Medal for con- 
tributions in research and chemistry 
The Medal is awarded by the Eastern 
New York section of the American 
Chemical Society 


Jack B. Freeman has been ap 
pointed Eastern District sales man- 
ager of Materials Research Corpora- 
tion Manufacturing Corp. In his new 
position he will supervise East coast 
sales of MRC's line of zone refiners 
other 


high-vacuum furnaces, and 


equipment 


The Lewis Research Center, NASA, is expanding its ma 
terials research effort, particularly in the field of composite 
materials for use at advanced temperatures and in unusual 
environments. Metallurgists and Physical Chemists, preferably 
with advanced degrees, and with experience in powder metal 
lurgy are needed to plan and perform basic and applied studies 
of composite materials involving refractory metals 


oxide and 


Fully equipped research facilities both for forming and 
evaluation of experimental materials are available. These in 
clude the latest vacuum, melting, sintering, swaging and extru 
sion apparatus. Equipment for detailed studies of the mechanical 
and physical characteristics of experimental materials includes 
X-ray diffraction, electron microscope, emission spectrograph 
and elevated temperature vacuum tensile and stress-rupture 


Send resume to: Placement Officer 
National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland 35, Ohio 


NA SA National Aeronautics and Space Administration 
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In X-ray spectrographic analysis, evacuation of 
the radiation path results in significantly higher 


rates than those obtained in air or even 
helium — particularly for the lighter elements 
magnesium (12) through sulphur (17). 


counting 


The true value of the 
graph lies in the 


Norelco Vacuum Spectro- 
fact that its satisfactory use asa 
routine laboratory and industrial tool, requires no 
expert supervision to obtain optimum perform- 
ance. It can be integrated into existing 
laboratory or industrial conditions to provide de- 


readily 


S/PISi/ Al/ Mg, 


% Transmittance 
Vacuum (Microns) 
00 9 8 7 6 
% TRANSMITTANCE 


xz 


pendable data. It is versatile, durable and ideally 
suited for routine as well as diverse applications. 


The graph here illustrated reveals that the per- 
centage of quanta transmittance varies minutely 
with increases in vacuum below 100 microns, (0.1 
mm. Hg.). In terms of efficiency, this degree of 
vacuum is obtained in less than one minute with 
the Norelco vacuum apparatus — and within this 
time period, offers ideal conditions for reproduc- 
ible results which are well within the range of 
required statistical accuracy. 


Write today for more information on this truly versatile addition to your X-ray laboratory 
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The Vacuum Spectrograph is universal in the sense that it may be 
used to provide either evacuated or gas-filled atmospheres. 


Two crystals, mounted on a holder in the X-ray path, permit optional 
choice of either crystal without breaking vacuum — effectively ex- 
tending the analytical range to all detectable elements. 


Two detectors, scintillation and proportional, may be used alterna- 
tively or sequentially with either crystal. 


PHILIPS ELECTRONIC INSTRUMENTS 
A Division of Philips Electronics and Pharmaceutical Industries Corp. 
750 SOUTH FULTON AVENUE, MOUNT VERNON, N.Y. 
in Canada: Research & Contre! Instruments + Philips Electronics industries Ltd. « 116 Vanderheof Ave. + Leaside, Terente 17, Oct. 
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Management Conf. 
at Chicago Hotel 
Sept. 15-16 


Managing Tomorrow is the theme 
of the Eighth Annual Engineering 
Management Conference, meeting at 
the Morrison Hotel in Chicago Sept 

16. The AIME is one of the seven 

ponsor for the meeting, 
“ hic h will be divided into four parts 

The morning of Sept. 15th will be 
devoted to a discussion of Impinging 
Force Thi vill set the stage for 
the two-day Conference by identify- 
ing the major forces or influences 


bearing upon 1) the national wel- 
fare; 2) private industry; 3) the 
availability of raw materials; and 
4) resources and technology with 
which to meet national and indus- 
trial needs 

New Requirements and New Aids 
for Managers is the theme for the 
afternoon session on Sept. 15th. The 
ession is designed to bring out new 
demands on managers in terms of 
forecasting, planning, scheduling, 
organizing, integrating, and measur- 
ing technical work, plus the major 
advances in using data processing 
machines 

The third session will be entitled 
Impact on Professional Peopie. The 


NEVER BEFORE 
‘an OXYGEN LANCE 


with all these 
FEATURES 


* New lance tips, feature 
ing a single connec- 
tion that permits easy 
replacement in less 
than an hour. 


Thoroughly proved as 
standard equipment in 
large steel mills. 


Fabricated to any 
length to your speci- 
fications by steel mill 
specialists. 
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* Superior water-cool- 
ing extends lance life 
as much as 100 heats 
over old style tip. 


2K Prompt delivery of 
new lances and re- 
placeable tips from 
stock. 


SEND FOR BULLETIN 260 


Tells how to lower your downtime ond 
operating costs with Hutton oxygen 
lances. Write Hutton Fabricoting Mtg 
Corp., 2736 Eost 79 Street, Cleveland 
4, Ohio. ‘Phone EXpress 1-7432 


trend toward more brain work and 
less muscle work by men will be 
discussed, as will the long-range and 
detailed planning, scheduling, in- 
tegration, and measuring required 
by mechanization and automatic ma- 
chine production 


Impact on Education, the theme 
of the final session, is intended for all 
engineers who aspire to positions as 
managers of technical work. Tech- 
nical schools, business schools, post 
graduate, and home study will come 
under discussion 


Among the speakers during the 
two-day Conference will be Walker 
Cisler, president of the Detroit Edi- 
son Co. and the Power Reactor De- 
velopment Co. Peter F. Drucker, 
professor of management, New York 
University, will address the Confer- 
ence banquet the evening of Sept 
15th 


THE ENGINEERING INDEX 


Here is a guide to the current 
technological literature of the 
world. More than 1500 bulle- 
tins, reports, transactions, and 
periodicals are reviewed and 
abstracted to supply engineers 
with up-to-the-minute devel- 
opments in their respective 
fields of interest. Information 
on arange of 249 subject divi- 
sions is classified on 3 x 5 in 
cards, then passed on to sub- 
scribers to the index service 
in the form of daily and weekly 
reports 

You can choose as much or 
little of the service as you need 
at a cost to fit vour budget 
For a free 16 pp. catalogue 
listing divisions, prices, and 
additional information, write 


The Engineering Index, 29 W 
39th St... New York 18 


Let's get clear on— 
WHAT ENGINEERS DO 


Joint Council 


‘ 
| 
OXYGEN \ / LANCES | 
LANCES & TIPS DOORS & FRAMES 
SPECIAL STEEL MILL FABRICATION 


1 Detector, 2 Battie, 3 Spectrometer Coil, 4 Vacuum Chamber, 
5S Beta Radioactive Source, 6 Cooling Water Supply, 7 Dashed 
lines represent beta-ray trajectories in the instrument 


BETA-BETA 


Precisely determined nuclear 


COINCIDENCE level energies, their ordering, 
SPECTROMETER lifetime, quantum number 


assignments, and the mode 
and character of their radioactive decay are some of the raw ma- 
terials of our understanding of nuclear structure. A powerful new 
tool for the analysis of complex level schemes . . . the magnetic, iron 
free, double electron coincidence spectrometer .. . has been designed 
and built by Argonne scientists. The instrument provides exceptional! 
transmission (~20°%—2%) and good resolution (1—0.1°%) in each 
of its independent units. These features, coupled with auxiliary 
gamma and alpha detectors, also enable Laboratory scientists to 
study timewise coincidences and angular correlations in electron- 
electron, electron-gamma and alpha-electron cascades. 


Staff positions are available both at the site near Chicago, Illinois 
and the site near Idaho Falls, Idaho for qualified physical metal- 
lurgists, chemical engineers, physicists, mechanical engineers, metal- 
lurgical engineers, chemists, electrical engineers, mathematicians, tech- 


nical writers. 


TIONAL LABORATORY Direct inquiries to: 
Operated by the University of Chicago under 8 Louis A. Turner, Deputy Director 
contract with the United Atomic Energy Commission 9700 South Cass Avenue—Z2 
Argonne, Iilinois 
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Papers Accepted to July 1, 1960 


X-ray Studies of Polygonization and Subgrain Growth in Aluminum, by R. J. Towner and J. Alfred Berger (IMD) 

The Oxidation of Iron in Carbon Dioxide—Carbon Monoxide Atmospheres, by W. W. Smeltzer (IMD) 

The Deformation of Unalloyed Titanium Sheet as a Function of Orientation and Strain Rate, by C. P. Gazzara and E. I 
Klier (IMD) 

The Effect of Chromium on the Activity of Sulfur in Liquid Iron, by N. R. Griffing and G. W. Healy (ISD) 

The Stress-Induced Ordering Internal Friction of Iron-Rich Alloys of Iron and Aluminum, by J. C. Shyne and M. J 
Sinnott ((IMD) 

Recovery of the High Temperature Creep Properties of Properties of Polycrystalline Aluminum, by W. D. Ludemann, 
L. A. SI epa d, and J. E. Dorn (IMD) 

Effect of Stress Upon the Recovery and Effect of Negative Strain Upon the Yield Point of Zinc Single Crystals, by 
James V. Rinnovatore and Norman Brown (IMD) 

Yttrium-Nickel System, by B. J tJeaudry. A. H. Daane (IMD) 

Growth Behavior of Cube-Oriented Secondary Recrystallization Nuclei in High-Purity Silicon-Iron, by J. L. Walter 
and C. G. Dunn (IMD) 

The Effects of Stored Energy and Recrystallization on the Creep Rupture Properties of Internally Oxidized Copper- 
Alumina and Copper-Silica Alloys, by Masao Adachi and Nicholas J. Grant (IMD) 

The Interface Temperature of Two Media in Poor Thermal Contact, by G. Horvay and R. H. Edsal (IMD) 

Annealing Twins and Coincidence Site Boundaries in High-Purity Lead, by K. T. Aust and J. W. Rutter (IMD) 

The Tantalum-Rhenium System, by J. H. Brophy, P. Schwarzkopf, and J. Wulff (IMD) 

Dihedral Angle Measurement, by O. K. Riegger and L. H. Van Viack (IMD) 

Mechanical Properties of Tantalum Metal Consolidated by Melting, by M. Schussler and J. S. Brunhouse, Jr. (IMD) 

Kinetics of Exchange Reactions Between Liquid Bismuth—Rare Earth Alloys and Fused Salts, by H. M. Katz, F. B. Hill, 
and J. L. Speirs (EMD 

Hydrogen Precipitation of Nickel from Buffered Acid Solutions, by S.C. Sircar and D. R. Wiles (EMD) 

The Effect of Hydrogen on the Mechanical Behavior of Aged Alpha-Beta Titanium Alloys, by R. A. Nadler and D. L 
Day (IMD) 

The Growth Rate of Bainite, by G. R. Speich and Morris Cohen (IMD) 

The Behavior of Composite Silver- Alumina Alloys Above the Melting Point of Silver, by H. R. Peiffer (IMD) 

The Role of Stress in Hydrogen Induced Delayed Failure, by E. A. Steigerwald, F. W. Schaller, and A. R. Troiano 
IMD) 


Join the Metal Man’s Society Now! 


Qualified individuals belong to The Metallurgical So- 
ciety of AIME to insure professional development and 
identification through active support of the metal man’s 
society 

Maximum service on a basis of technical specialties is 
achieved through divisional organization. The Institute 

f Metals Division serves those engaged in developing, 
; economically producing, and applying new alloys 
Gentlemen The importance of Iron and Steel Division activities 

reflected in the active support of these activities by 
men in all phases of the ferrous metals field. A number 
send further information and an application for membership of ISD meetings have become nationally famous 

The Extractive Metallurgy Division consists of men 
who work in extraction, smelting, and refining of non- 
ferrous metals. Here, as throughout the Society, a bal- 
anced program results in professional growth through 
Address membership 


The Metallurgical Society of AIME 
29 West 39th Street 
New York 18, New York 


| am interested in joining The Metallurgical Society. Please 


Nome 
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NORTON PRODUCTS: 


Norton MAGNORITE* fused magnesium 
ming mix rams easily to high uni- 
ties that provide extra long sery- 

sizing minimizes 

se where wh refractori 

s, inclusion-free melts, and low out 
gassing are ‘‘musts’’. Ideal for high fre- 


quency melting alloy steels and high 


temperature alloys containing nickel 


cobalt base: vacuum melting, etc. Proved 


performance record, in furnaces of all sizes 


Rammed Weight..........172 ibs./cu. ft. 


Grain Sizing... .. OF and finer 


For full information on ramming, sinter- 
ing, ete., write NORTON COMPANY, Refrac- 
tories Division, 706 New Bond Street, 
Worcester 6, Massachusetts 


Mark Rep 


WNORTON 


REFRACTORIES 


Engineered... R ... Prescribed 


Making better products...to make your products better 


Grinding Wheets + Machine Tools Metractories + Clectre Chemicals — MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressure Tapes 
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oxygen 


comes producir is a must! And, capac- mati ‘ial plant ‘adjacent to the company 
“the “LD oxygen process—studied Nevada plant. These fully 
hat in 1954 the first U. vere ready. Today the challengit materia for 


Where did it come from? Who developed 
it? And how did it all start in the first 


place’ 
by F. Weston Starratt 


facts concerning the origin of the 
top-blown oxygen converter are well known in 
America. Called the LD, or Linz-Donawitz process, 
the Austrian origin of the process is generally as- 
sumed. and commercial development of the proces: 
can be certainly laid to Austria, but we must go 
farther back to start our story 
The idea of converting iron into steel with pure 
veen is over 100 yeat old and was expressed in 
of the Be But little was done 
the idea until some 30 years ago when oxygen 


emer patent 


bevinning to be made available at an attractive 
enough cost to mean its commercial utilization in 
teelmaking 
The thre of the LD story can be more directly 
raced to a professor of metallurgy in Berlin, 1amed 
rt Durrer. For many years he preached the 
doctrine of the utilization of pure oxygen rather than 
and particularly for 
version of pig iron into steel, From 1933 
outbreak of World War II, he conducted 
steelmaking techniques 
Brief industrial application 


air in metallurgical processes 


n variou 
oxygen 
ideas came during wartime Germany 
his native Switzerland after World 
became associated with the largest of 
teel plants, the Gerlafingen works of 
der Ludw. von Roll’schen Eisen- 
War II. Switzerland, starved for 
ade every effort to expand produc- 
low- 


meagel deposit of relativel 


war Switzerland, still remembering 


her wa problems, welcomed any new steel- 
making 


nomic ut atio Swi raw materials. Into this 


Robert Durret 


which could make possible the eco- 


picture st and he proceeded 
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to set up an experimental oxygen steelmaking shop 
at Gerlafingen 
The vear was 1947, and Professor Durrer, unable 
to purchase needed metallurgical equipment in Eu- 
rope, bought an experimental 3-ton converter in 
the United States. This small apparatus, which 1s 
article, became the first top-blown 
oxygen converter. A description of the first experi- 
ments on this converter was given by Professor 
Durrer himself in the Gerlafingen plant newspape! 
in Mav 1948. A free translation from the German 
point out that 
on the first day of spring, oul ‘oxygen man’ 
Dr. Heinrich Hellbriigge carried out the initial tests 
and thereby for the first time in Switzerland hot 
metal was converted into steel by blowing with pure 
oxygen With this treatment of 1 ton of metal 
the first practical step on a thorny passage has been 
undertaken. The target is the production of iron in 
eur country in a favorable enough fashion to pro- 
mote transformation into a world iron production 


pictured in this 


center, proportionally speaking 7 

Added at the bottom of this same article is news 
that. “On Sunday the 3rd of April 1948, several 
trials were successfully carried 
results showed that more than 


further blowing 
through, whereby 
half of the hot-metal weight could be added in the 
form of cold scrap, i.e., for 1 ton of hot metal with 
about 1.5 pet Si and under 0.1 pet P, a full half- 
ton of scrap could be added, w hich is melted through 
the blast-produced heat.” 

The dream of utilizing the top-blowing oxygen 
process to put Switzerland on the map as a majo! 
steel producer did not, unfortunately, succeed. But 
this development, starting at the Gerlafingen works 
of Von Roll, did start a chain of events moving the 


full impact of which is only beginning to be felt 


today 
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To carry through our story, we must back track 


several years and recall the unbalanced state in 
which the Austrian steel industry was left in at the 
close of World War II. The largest potential produc- 
ing unit at Linz, which-had been built by the Ger- 
man, Herman Goering trust, had excess hot metal 
for its limited steelmaking capacity. Austria, de- 
sirous of rehabilitating her economy and becoming 
as self-sufficient as possible, was exceedingly anx- 
ious to expand steel producing facilities at Linz 
But the blast-furnace hot metal was unsuitable for 
bessemer treatment, and the scarcity of capital pre- 
cluded strong consideration of the erection of an 
open-hearth shop 

Looking for a way out of this situation, engineers 
of the United Austrian Iron & Steel Works (VOEST) 
at Linz began investigating oxygen refining proc- 
esses, first in the open hearth. These experiments 
were not a complete success, and the results obtained 
at Gerlafingen were reason enough to believe that 
the top-blowing of oxygen in a converter-like vessel 
might be successful. Thus, Th. Suess, works manager 
of VOEST, took up this idea, and after various ex- 
periments involving the position of the lance in re- 
lation to the bath, the distance between the nozzle 


and the bath, the oxygen supply, and the cross sec- 
tion of the nozzle, VOEST started with a series of 
2-ton converter tests which reached a successful 
conclusion in June 1949 

These tests were followed by pilot-plant develop- 
ment in 5 and 10-ton vessels at the Donawitz plant 
of the Osterreichisch-Alpine Montangesellschaft 
and a 15-ton vessel at Linz. Results, which were pre- 
sented to a meeting of the Eisenhutte Osterreich in 
December 1951, gave clear indication that produc- 
tion costs could be expected to be much lower than 
for the open-hearth. This consideration, together 
with the technical results, prompted the manage- 
ments of the two firms to build production plants 
VOEST’s LD plant went into operation in November 
1952, and Alpine’s plant in May 1953 

More than three years had elapsed between the 
first successful heat blown at Linz in June 1949 and 
the start-up of the first LD plant by VOEST. More 
than five years went by between that first success- 
ful heat and the commencement of operations at 
the first LD plant outside Austria—Dominion 
Foundries & Steel Ltd., at Hamilton, Ontario, Canada 
in August 1954 

Since that time developments have moved at an 
ever faster pace in today’s revolution in steelmaking 


THE PLACE OF 


BASIC OXYGEN STEELMAKING 


An introduction to a special issue of 
JOURNAL OF METALS devoted to the rev- 
olutionary basic oxygen steelmaking 


processes. 


by A. B. Wilder 


the total steel output was from open-hearth fur- 
naces. Electric furnace output was 9 pct of the total, 
with the basic oxygen and acid bessemer processes 


|: the United States in 1959, more than 87 pct of 


accounting for the remainder 

Open-hearth capacity in recent years has been 
increased with larger hearths and the use of oxygen 
rather than with the installation of new facilities 
The result was an increase of 93,250 tons of annual 
capacity in 1959 

Basic oxygen steelmaking capacity has been in- 
creased, due to the installation of new facilities and 
the increased heat size of existing installations. An 
increase of 124,240 tons of capacity occured in 1958, 
resulting in a total oxygen steelmaking (LD) capac- 
ity of 4,157,000 tons annually; it is expected that 
this capacity will be increased by over 100 pct by 
1962. For economic reasons, the trend in the US 
is, therefore, toward increased production of basic 


A. 8B. WILDER is chairman of the Acid Converter and Basic 
Oxygen Steel Committee, and chief metallurgist, National Tube 
div, U. S. Steel Corp 


LD steelmaking at Jones & Laughiir Aliquippa, Pa plant. Phote 
by David Cain 
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pho phorou re ire not available in ifficient 


quantiti total world capacity of basic oxygen 
ver 12 million tons an- 


capacity will be 


teel if the US 
exper ed hat thi 
1962 with ne acilities coming into op- 
an additional increase in 
ats in existing vessels 

with vertical lances and 

or horizontal lances and rotating 
are in operation, under construction or being 

idered in the following countries: South Africa 

ia, Austri vium. Brazil, Canada, West 
Finland, France, India, Italy, Japan, Lux- 
Netherland Norway Philippine Island 
rtugal, Scotland, Spain, the UK. the US, and the 
A capacity ove! 1 million tons annually exist 

ach of the following countri Austria, Brazil, 
Canada, West German Japan the UK. the US, and 
the USSR. Information concerning the basic oxygen 
facilitie in China is not available; however, it 1 
appreciably 


well knov li China 1 increasing 


teel production facilitie 
In 1959 approximately 323 million tons of teel 
were produced throughout the world. If all of the 
basic oxygen capacity had been u ed for producing 
teel. this would have accounted for approximately 
» pct of the total 
produce 
the 


teel 


throughout the 


teel produced asic oxygen 
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also being increased. This will change steel imports 
for these countries in the future. Many countries 
throughout the world desire to develop, for economic 
and political reasons, various basic industries, such 
as steel. The trend in installing basic oxygen facili- 
ties is apparently based on favorable capital ex- 
penditures and production costs, In addition to suit- 
able quality characteristics. It 1s, therefore, apparent 
that this process has become an important steelmak- 
which depends on the availability of 
3asic oxygen steelmaking 


ing process, 
low-cost tonnage oxygen 
will continue to increase in importance throughout 
the world 

The ability to melt scrap in the basic oxygen pro- 
cess is limited when compared with the open-hearth 
process. In the steel industry a balance in the use of 
scrap and molten iron must exist This depends to 
some extent on the product mix. For example, scrap 
generated in a mill for the production of sheet steel 
would be less than in a mill producing seamless steel 
pipe. The ability of the oven-hearth to melt large 
quantities of scrap has an important bearing upon 
the future usefulness of this process. Therefore, 
there will be a limitation in the growth of the basic 
oxygen steelmaking process for certain products 
and plant locations, until its scrap melting capacity 
is increased. Cupolas are being used for melting 
scrap, and such facilities are currently established 
in the US 

In the actual production of basic oxygen steel the 
most important metallurgical factors to control are 
uniformity of the product and a low nitrogen content 
in the finished steel. Uniformity of the product is, In 
part, related to the pouring temperature of the steel 
Nitrogen content is related to the purity of the 
oxvgen and design of the vessel. These factors have 
been currently established at satisfactory levels and 


are related to continued acceptance of the product 
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THE PHYSICAL CHEMISTRY OF 
OXYGEN STEELMAKING 


A survey of the chemical and thermal aspects of basic oxygen steelmaking 
as compared with other processes. The equilibria relationships for the basic 
open-hearth process studied over a 35 year period, are equally valid for 
oxygen steelmaking. However, the kinetics of the process are different. It 
is these similarities and differences which this article defines 


by D. L. McBride 


neumatic steelmaking processes have many at- 
D iractive features, among which are low capital 
cost, low operating cost, simplicity of operation, and 
the ability to make low carbon steels at high pro- 
duction rates. There are, however, other factors 
beside production rate that influence the selection 
of steelmaking methods for production of quality 
steels at minimum cost. The advantage of speed, in- 
herent in pneumatic steelmaking processes, is off-set 
to some extent by their limited ability to melt 
scrap, the absorption of nitrogen by the steel partic- 
ularly when using an air blast, problems of aii 
pollution and by the fact that they are not especially 
suitable for the manufacture of alloy steels and 
carbon steels containing more than 0.25 pct C. The 
use of commercially-pure oxygen instead of air for 
refining the metal has eliminated or minimized these 
limitations and has improved the thermal aspects 
of pneumatic steelmaking, but the use of commer- 
cially-pure oxygen will in no way alter the basic 
chemical reactions and equilibria involved in steel- 
making 

The chemical reactions of greatest importance in 
steelmaking are those involving oxygen with iron, 
carbon, manganese, silicon, and phosphorus, and 
ulfur with lime. In their most simple form these 
chemical reactions and their equilibrium constant 
can be written as 


FeO (in slag) 
(FeQ) 


[0] 


Fe +O 


Co (Gas) 


K 


Fes 
[O] 
MnO (in slag) 
(MnO) 
[Mn]{[O} 


510, (in slag) 
(Si0,) 


[Si][O} 


P.O, (in slag) 
(P,O,) 


[P}[O] 


CaS (in slag) 
[O] (CaS) 
[S] (CaO) 


Aithough these steelmaking reactions can be de- 
scribed by very simple chemical equations, the 
equations as written indicate further complications 
by the fact that two phases are involved, slag and 
metal. To be completely accurate, the reactions 
should be considered as involving three phases, gas- 
slag-metal, since the gas is a principal source of 
the oxygen required in all of the chemical reactions 
Thus, it is necessary to transfer cxygen from the 
gas to the slag and then from the slag to the metal 
before the chemical reactions can occur. In a relative 
quiescent bath, such as in an open-hearth furnace, 
the gas-slag-metal transfer plays an important role 
Conversely, in oxygen steelmaking with oxygen gas 
being injected directly into the metal, the reactant 
are brought together rapidly and intimately, and 
create extreme turbulence of the slag and metal 
The direct injection of oxygen and the turbulent 
mixing of slag and metal increase the rate of the 
reactions, but thi 
no manner influence the equilibrium values for the 
reactions. It indeed be surprising if the 
equilibria relationships determined for basic open- 
hearth steelmaking were not equally valid for basic 
oxygen steelmaking, for chemical equilibrium should 
be affected in no manner by the shape or size of the 
furnace, the speed of melting or refining, nor the 
introduced into the 


increase in reaction rates can in 


would 


method by which oxygen 1 
furnace. However, the configuration of the furnace 
can influence the kinetics of steelmaking by sim- 
plifying charging procedures by improving heat 
transfer, by permitting faster feeding of reactant 
and by tolerance for extreme turbulence of the slag 
and the metal 

The pioneering studies on the equilibria of the 
important steelmaking reaction tarted some 35 
years ago by Herty, Korber, Oelsen, and Shenck 
They have since been refined and expanded by many 
investigators, among which the contributions of 
Chipman and his colleagues at Massachusetts Insti- 
tute of Technology have been highly important. A 
a result, we now have a reasonably complete pic- 
ture of the equilibria relationships for the important 
steelmaking reactions and the effect of tempera- 
ture on these equilibria 

At all times, in open-hearth steelmaking, oxygen 
is absorbed from the furnace gas by the slag to form 
iron oxide, which is then transferred to the metal 


D. L. McBRIDE is director, metallurgical process development 
applied research, U.S. Steel Corp. This paper was presented at th 
Acid Bessemer Converter and Basic Oxygen Committee meeting in 
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where it reacts with the metalloids present in the MOLE FRACTION OF Fed, IN SLA 
bath. This transfer from gas to slag to metal is con- °——__ 

trolled largely by the turbulence, fluidity, and com- A= OPEN HEARTH 
position of the slag. Whether or not iron oxide P «x =0SM 
increases or decreases in an open-heart! lag de- 

pends on the speed of oxidation of the slag by the 

gas and the peed of oxidation of the metal by the 93 4 


a 
lag, the difference in the two rate resultu n a - 
a 


changes in the iron content of the slag. However, for 


oxygen steelmaking, the extreme turbulence of the 2 a a 
P 


lag and metal should promote rapid transfer o ~ > 4 . 
oxygen, and as a result, one should expect to find at = a 45 

the iron oxide content of slags in oxygen steelmakir 

furnaces to be somewhat lower than in basic open- 

hearth furnace at anv given carbon content of the 

metal. This condition indeed has been experienced 02 
broadly by operators of oxygen steelmaking furnace ARBON, per cent 


Fig. 1 shows the difference in iron oxide content o 
‘ Fig. 1—Slag oxidation in basic-oxygen and open-hearth practice 


open-hearth lag and oxygen furnace lag for a 
number of melts containing 0.05 to 0.20 pet C. The 


lower iron-oxide content of slag in basic oxygen 


furnace immediately suggest that phosphoru 
elimination may be somewhat more difficult than in 
basic open-hearth furnaces. However, it seems that 
> any unfavorable situation concerning phosphoru . 
could be controlled by arbitrarily increasing the = 
iron-oxide content of basic oxvgen slags by judiciou = 
idditions of roll scale or perhaps more effectively 
by slack blowing of oxygen for short periods 
the lance in an elevated position. Slack blowins s r FounieRium — OPEN HEARTH, Chipman 
with an elevated lance should not only increase the 001 @ KALDO, Dormsjo 
rate of oxygen pickup by the slag, but also should @ \D-AC, Coheur 
minimize turbulence and decrease the rate of trans- . | © ELECTRIC, Cohewr | 


fer of oxygen from the slag to the metal 


Oxidation of carbon Fig. 2—Carbon-oxygen relationship in steelmaking furnaces 
The work of Vacher and Hamilton’ some 30 year 

ago on the carbon-oxygen equilibrium in liquid . . 

i I t ca n x el equ un l ju Oxidation of manganese 


iron showed that at low carbon contents the product 
of pet C x pet O equals 0.0025 at 1600°C. Thes 


Studi« on the behavior of manganese in steel- 


tudies on the carbon-oxygen equilibrium were ex- making under either acid or basic slags were among 
tended by Marshall and Chipman to higher level the earler investigation involving slag-metal re- 
of carbon and to cover the range of 1550°C to action Fortunately, reaction [3] reache a state 
1700°C and at pressures up to 20 atm. These later of balance early in the progre of a heat, and 
investigators showed by precise measurements that maintalr 1 condition closely approximating equili- 

brium. Since the oxidation of manganese a slag- 


the product of pet C x pct O is not constant at any 


, the equation for the reaction and the 


given temperature, but increases slightly with in- metal reaction 7 
creasing carbon content. This equilibrium relation- equilibrium constant can be written a 
hip between carbon and oxygen applies to all steel- 

making processe whether they be open-hearth, Mn FeO MnO ' Fe 

pneumatic, or electric. However, the carbon-oxyvgen (in slag) (in slag) 

reaction does not come to equilibrium as long a (MnO) 

carbon is being eliminated. Furthermore, the state of K . 


(FeO), | Mn] 


oxidation of the metal is determined and controlled 


at all time by the amount of carbon in the bath 
pre- where the slag terms are written as mol fractions 


Data on the carbon-oxygen relationship were 
ented recently by Coheur’ for LD-AC heats and and 


electric furnace heats, and by Dormsjo‘ for Kaldo The 
equilibrium was determined by Chipman’ to be 


the manganese as wt pct 


influence of temperature on the manganest 


heats. Fig. 2 shows Coheur’s and Dormsjo’s data 


for carbon and oxygen, plotted with Chipman’s line 


for the average of a large number of open-hearth log K 6440 . 
heats. The scatter of Coheur’s and Dormsjo’s data T 


around Chipman’s line demonstrates that the car- 
s not affected by the type which agrees with operating experience that a 


higher manganese residual in the metal is obtained 


bon-oxygen relationship i 


of steelmaking furnace. Although similar data are 


not available from conventional LD furnaces, one with a higher temperature 


It is necessary, however, to consider slag con- 


must expect that any data subsequently obtained 


will be similarly scattered about Chipman’s line titution to obtain a complete picture of the behavior 


over a wide range of slag composition 


for basic open-hearth heat of manganese 
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Darken and Larsen" studied the behavior of man- 
ganese in a large number of open-hearth heats over 
a wide range of slag basicity. These investigators 
found that the calculated and observed manganese 
content of the metal were in excellent agreement 
for slags of a basicity ratio higher than 2.5, where 


basicity of the slag was 
CaO 4P0 
( ) Since finishing slags in bask 
SiO 
open-hearth and basic oxygen furnaces usually have 
ible to use the 


measured by the mol ratio 


a basicity of 3 or higher, it Is pos 
manganese equilibrium relationship determined for 
open-hearth steelmaking to calculate the behavior of 
manganese in basic oxygen furnaces. Fig. 3 show 
the calculated and actual manganese contents of a 
number of low-carbon basic oxygen heats for which 
the slags ranged from 1.69 to 10.40 pct MnO as a 
result of the furnace ing charged with hot metal 
composition from 0.22 to 2.54 pet Mn 


ranging in 
From Fig. 3, one car the conclusion that the 
observed behavior 
furnaces, i.e., that the residual manganese is con- 
istently higher than in basic open-hearth furnace 
» fact that open-hearth furnaces 


manganese in basic oxygen 


is explainable by 
ubstantial amount of manganese from the 
s, and the prob- 


lose a 
system by the flushing of early slag 
ability that steel tapped from basic oxygen furnace 
is likely to be a bit hotter than the 
steel tapped from basic open-hearth furnaces. This 
apply after 


ame grade of 


matter of temperature may no longer 


basic oxygen furnaces are built to tap the same 


are now produced by basic open-hearth 


s1ze heats as 


furnace 


Elimination of phosphorus 


control of phosphorus Is a 
teelmaking pro- 


The elimination o1 
matter of primary concern in all 
Since practically no phosphorus can be elimi- 
nated in acid steelmaking furnaces, the only means 
for control of phosphorus in such furnaces lies in 
in phos- 


cesse 


the careful selection of raw materials low 
Although acid steelmaking processes are 
simpler than the counterpart basic 


phorus 
usually somewhat 
processes, the fact that basic steelmaking processe 
can eliminate 97 to 98 pct of the phosphorus from the 
charge is the basis for the almost exclusive use of 
basic steelmaking processes throughout the world 
Basic particularly in 
US, are usually charged with enough hot metal 
allow flushing of the early slag from the furnace 
With a flushing practice, open-hearth furnaces are 
able to produce low-phosphorous 
due difficulty, even when the hot metal contains a 
much as 0.4 to 0.5 pct P. To make basic oxygen tee] 


open-h arth furnace 
to 


steels without un- 


with the same low content as open- 
hearth steel 


ing no more than 0.15 to 0.18 pct P. However, basi 


phosphoru 


requires the use of hot metal contain- 


oxygen furnaces can produce low-phosphorous steel 
from intermediate- and high-phosphorous pig iron 
when the oxygen furn: operated similarly to 
open-hearth hed or deslagged about 
through tne neat vcle Cuscoleca and 
Yawata Iron & Steel 


ful use 


midway 
tosner quoted results from 
Co., as shown in Fig. 4, indicating the succes 
of a two-slag practice to produce low-carbon teel, 
averaging 0.013 pct P when using hot metal in the 
0.40 pet P 


3ecause of the industrial importance of basi 


charge containing as much as 


open-hearth steelmaking, it was natural that most 


laboratory research on the behavior of phosphorus 
in steelmaking should be done under metallurgical 
conditions simulating those existing in basic-hearth 
furnaces, Despite the tremendous importance of 
phosphorus control for the manufacture of steels 
of acceptable quality, the complexity of the slag- 
reactions involved in eliminating phos- 
phorus has presented formidable obstacles to re- 
search workers in their studies on this problem 

One of the greatest difficulties has been in devel- 
The reported 


metal 


oping a concept of slag constitution 
chemical analysis for slags is always in terms of the 
various oxides, CaO, MgO, SiO,, ALO, P.O,, MnO, 
FeO, and others. Experimental studies have shown 
that these oxides do not form ideal solutions and it 
is necessary, therefore, to certain 
amounts of these oxides combine as stable chemical 
compounds and thus are rendered inactive, fot 
example, 2 CaO-SiO, or 4 CaO-Fe,O,. Such assump- 
tions are acceptable only because they are useful 
lag-metal behavior, but they have 


assume that 


for illustrating 
no firm scientific basis 
Open-hearth have long known that 
phosphorus elimination is favored by high basicity, 
high slag oxidation, and low temperature. However, 
the quantitative aspects of phosphorus elimination 
are difficult to resolve, largely because of a lack of 
understanding of liquid slag constitution, particu- 
larly concerning the active and inactive constituents 
lags and the proper method for calculat- 


operators 


in liquid 
ing the degree of basicity of the slag 

Many different concepts of the constitution of lh- 
teelmaking furnaces have been 
investigator Without dis- 
lag constitution, the 


quid lags in 
proposed by various 
cussing the various concepts of 


results of the several research studies can be com- 
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Fig. 4—Relation between carbon and phosphorus in LD vessels of 
Yowato plant in Japan, using one and two slags. After Cuscoleca 
and Rosner 
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pared to show quantitatively the ensitivity of the 


pho phoru reaction to temperature, a matter ot 
oncern in oxygen steelmaking. Fig. 5 shows 


{ 
the effect of temperature on the amount of phos- 


preat 
phorus in the metal at a fixed condition of slag basic- 
ity and oxidation, The relationship shown by Bala- 
jiva’ seems to correspond more nearly to observed 
conditions in basic steelmaking than do the curve 
hown for the results of the other studies Grand- 
pierre" shows that the phosphorus reaction | not 
ensitive to temperature and thus dephosphorization 
would be controlled entirely by the basicity and oxi- 
dation of the slag. In contrast, Turkdogan and 
Winkler how such strong influence of temperature 
on the phosphorus reaction that temperature would 
appear to be more important than slag basicity and 
oxidation 

The slag and metal analyses from a number of 
heats from basic open hearth furnace and basi 
oxygen furnaces were used to calculate the phos- 
phorus content of the metal from the relationship 
developed in the studie hown in Fig. 5. The best 
agreement between the calculated and the actual 
phosphorus content of the metal was shown by Bala- 
jiva’s relationship, Fig. 6. The poor agreement be- 
tween the calculated and actual phosphorus con- 
tents of the steel indicates the need for further re- 
earch on the constitution of liquid slags and the ef- 
fect of temperature on the phosphorus reaction 


Elimination of sulfur 


The mechanism governing the elimination of ul- 
fur is perhaps even more poorly under tood than the 
reactions involved in the removal of phosphorus 
The qualitative aspects of both phosphorus and 
ulfur removal include high basicity, fluid slags 
and a lively bath action However! compared with 
phosphorus removal, ulfur elimination in basi 
teelmaking is relatively inefficient. As mentioned 
previously, basic slags can remove as much as 98 pct 
of the phosphorus from the charge but only about 
one-third of the sulfur can be eliminated from the 
metal in basic steelmaking. Stated in another way, 
the distribution ratio of phosphorus between a 
highlv-basic slag and the metal is at times as high 
as 100. whereas the distribution ratio of sulfur be- 
th 


tween the same basic slag and the metal will usually 


be about 4 to 6 and will seldom exceed a ratio of 8 
to 10. Thus. in a basic open-hearth furnace in which 
the slag weight is about one-tenth that of the metal 
t not unusual to find that more pounds of sulfur 
retained in the metal than are absorbed by the 


Accordingly, the most positive control of sulfur 
not to be found in drastic manipulation of slag 


composition and in elaborate systems for slag con- 
trol, but it is accomplished only by avoiding the use 
f high-sulfur charge materials and high-sulfur 
fuels. The generally accepted mode of transport of 

f f n the metal to the slag is shown by the 
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These reactions show that desulfurization Is fav- 
ored by a high concentration of basic oxides in the 
slag and a low oxygen concentration in the metal 
From a series of laboratory melts, Grant and Chip- 
man” developed a relationship between the excess 
base in a slag and the sulfur distribution, (S)/[S], 
between the slag and metal in which CaO, MnO, and 
MgO are considered as bases and combine on a molar 
basis with 2 mols SiO,, 4 mols P.O,, 2 mols ALO,, 
and one mol of Fe.O,. The mols of bases per 100 g of 
slag remaining after satisfying the ac id constituents 
are then termed the excess base. Fig 7 shows the 
relationship determined by Grant and Chipman 
from laboratory melts, compared with data from 
a series of basic oxygen (LD) heats and for oxygen 
heats in which the burnt lime was injected through 
the oxygen lance (OLP). The data for the oxygen 
furnace melts show considerable scatter about the 
line developed from laboratory melts; however, 
Grant and Chipman also found considerable scatter 
when their calculation was applied to operating data 
from open-hearth heats. The numerous, unusually 
high distribution ratios of 12 to 14, shown in Fig 7, 
compared with open-hearth experience where the 
(S)/[S] ratio seldom exceeds 8 to 10, is perhaps a re- 
flection of the extreme turbulence and good mixing 
of slag and metal and the ease with which highly- 
basic slags can be produced in basic oxygen furnaces 
It is noteworthy that injection of lime through the 
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Fig. 5—Effect of temperature on residual phosphorus 
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lance (OLP) did not appear to improve desulfuriza- 
tion over that obtained with lime introduced through 
a charging chute. However, a statistical study in- 
volving a large number of heats might show a slight 
improvement in desulfurization when using the 
practice of lime injection through the oxygen lance 


Effect of oxygen purity on N content 


The significant pick-up of nitrogen by the steel 
from the air blast has handicapped the thomas and 
bessemer steelmaking methods in producing steels 
for deep drawing applications. According to Siverts 
law, the solubility of nitrogen in liquid steel is pro- 
portional to the square root of the partial pressure of 
nitrogen which, at 1600°C and under a pressure of 
1 atm of nitrogen, corresponds to a nitrogen con- 
tent of the steel equal to 0.040 pct. Accordingly, Euro- 
pean operators of thomas vessels have been forced 
to use an oxygen-enriched blast or a steam-oxygen 
blast to decrease the partial pressure of nitrogen so 
as to avoid excessive pick-up in their steel near the 
end of the blowing period. The solubility of nitrogen 
in steel also increases with temperature, and there- 
fore it is not surprising to find that designers and 
operators of basic oxygen furnaces have believed it 
necessary to use almost pure oxygen to avoid the 
pick-up of nitrogen by the steel in the unusually 
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high-temperature reaction zone immediately undet 


the oxygen lance 

A study of the relationship between the nitrogen 
content of the blast and the nitrogen content of the 
steel produced in a basic oxygen furnace shows that 
the nitrogen content of the steel increases with an 
increase in the nitrogen content of the blast. Fig. 8 
shows that a blast containing 98 pct O, and 2 pct 
N. will produce steels containing 0.004 to 0.005 pet 
N, or approximately the same nitrogen content as 
basic open-hearth steels. However, if water is in- 
jected into the oxygen lance to act as a coolant by 
suppressing the high temperature of the reaction 
zone, the nitrogen content of the blast can be a 
high as 14 pct before the steel contains as much as 
0.004 to 0.005 pct N. From a technical viewpoint, 
water injection into the oxygen blast can be a very 
effective means for controlling the nitrogen con- 
tent of the metal: however, from an economic view- 
point the use of water may be undesirable because Its 
decreases the 


powerful cooling effect significantl) 


amount of scrap that can be melted in oxygen steel- 


making furnaces 


Thermal aspects 
The importance of temperature control in open- 


hearth and electric furnace steelmaking and its effect 


on steel quality, pouring practice, 
furnace life is well known to operator 
gist In these steelmaking furnace 
during the progre 


ingot yield, and 
and metallur- 
adjustment 


can be made, if necessary of the 


heat to alter the composition of the metal or the 
increased 


lag, 


and the temperature of the bath can be 
or decreased as desired. In oxygen steelmaking, 
important than In 


temperature control is no le 
peed of the oper- 


the older processes, but the high 
ation, the impracticability of sampling the bath for 
chemical composition or temperature w ithout cessa- 
tion of blowing, and the great variety of 
heat and heat losses introduces a complexity into the 
teel- 


ources of 


problem of temperature control for oxygen 
making furnaces that is not encountered in open- 
hearth and electric furnace steelmaking 

Altogether, there are at least 14 important factors 
that either generate or absorb heat, for which the 
combined heat effects must be considered if pre- 
cise control of temperature is to be achieved in oxy- 
yen steelmaking. Fortunately, most of the basic in- 
formation concerning heat content at high tempera- 
ture and heats of reaction for the various material 
used in steelmaking are reasonably well established 
Using the basic thermal constants, remarkably good 
heat balances can be calculated for the oxygen 
steelmaking process. The availability of high-speed 
analytical techniques and computers for solving the 
many equations involved in the thermal relation- 
ships should lead to temperature control of oxygen 
minimum time loss 
sively hot 


steelmaking and result in a 
for backcharging of scrap to cool exce 
heats or for recarburizing and reblowing exce 
cold heats. The first steps toward computer control of 
the temperature in oxygen steelmaking have already 
& Laughlin Steel Corp 


The use of a com- 


ively 


been undertaken at Jones 
with very encouraging result 
puter for control of tapping temperature requires a 
knowledge of the cooling effect of the various mate- 
rials that must be heated to the desired steelmakin 
temperature, as well as a knowledge of the tempe! 

ture and composition of the hot metal used in ' 
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charge and the heat generated by the oxidation of 


the variou metalloid 


Use of coolants 
The two aspect 
timulated the spectacular growth of thi 
with the olde! processe 


of oxvgen steelmaking that have 
method, 


pneumatic 


con pared 
are its ability to produce low-nitrogen steels and its 
use of substantial amounts of scrap. In the older 
processes, bessemer and thomas teelmaking, a tre- 
mendous amount of heat is carried out of the ve els 


by the nitrogen in the effluent gas The amount of 
heat generated, and the amount of oxygen required 
to refine a ton of pig iron is the same regardless of 
introduced by bottom-blow- 


whether the refining |! 


whether the oxygen ! 
ing or by top-blowing, 0o1 
done in acid-lined or basic-lined furnaces 

The composition of the iron and the composition of 
the effluent gas determine the amount of heat gen- 
erated and the amount of oxygen required to refine 
Except for the Kaldo and Ober- 
the effluent gas from pneu- 
predominately carbon 
introduced 


a ton of pig iron 
hausen rotor furnace 
math teelmaking furnace 
monoxide plus whatever nitrogen wa 
with the blast. Any portion of this 


that is burned within the furnace to carbon dioxide 


carbon monoxide 


will require additional oxygen and will generate ad- 
ditional heat. If all of the heat generated in the re- 
fining of 1 ton of pig iron could be recovered in the 
teel, tl heat would raise the temperature of the 
teel by 2300°F and 3050 F 
burned respectively to CO and CO In the older 


when the carbon wa 


where air 1s the primary source 


released by the oxidation 


pneumat proce 


of oxvgen. most of the heat 


of metalloids is carried out of the vessels by the ni- 
trogen from the blast air. However, in oxygen teel- 
maktit there is practically no nitrogen pre ent to 
dissinate the heat of the reaction and. therefore, a 


coolant of some type must be added to prevent ex- 


et ve overheating of the refined pig iron 
Any material that is compatible with the steel- 
iking proce can be used as a coolant, and the 
choice of the coolant will be governed by local con- 
lition n each melt shop. The most practical cool- 
ints for basic oxvgen steelmaking are scrap, burnt 
me. limestone. roll scale, iron ore or agglomerate 
and water. The effectivens of each of these mate- 
als as coolants is determined by their specific heats, 
except for limestone and water which in addition 


inde o chemical reaction that abst rb heat The 
involved in the reactions of wate! 
and the heat content data by Kelley 


Elliot and Gleiser” can be u ed to 


ilate the potential cooling effect of each material 
letert ne the amount of heat required to raise 

ts temperature to 2900°F, the assumed stee Imaking 
te me ture. Table I gives the amount of heat ab- 
orbed Btu per Ib for each of the principal cool- 
nts t in be used in basic oxygen steelmaking 
The cooling effect shown for oxygen is the amount 
eat quired to heat oxvgen gas from 77 to 

I the a imed temperature of the furnace 

( eactior between oxygen and the metal 
bath w of course enerate heat and these thermal 
relationshiy \ be discussed later. Other than for 
oxygen, Table I shows that scrap is substantially 
poorer al wate! bstantiallvy better as coolants 
than are the the materials used in steelmaking 
It is fortunate that scrap | ich a relatively poor 
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coolant. because it permits the melting of a large 
proportion of scrap in the oxygen steelmaking furn- 
ace. However, barely enough heat Is generated in 
oxygen steelmaking furnaces to consume the revert 
scrap in many plants and supplementary sources of 
heat will be required to consume the scrap avail- 
able from customers and dealers. Table I also indi- 
cates that temperature control could be achieved, 
even if no scrap were used in the charge If desir- 
able in special circumstances, 1t should be possible 
to develop a practice using suitable combinations 
of roll scale or iron ore, lime or limestone, and steam 


or water as coolants instead of scrap 


Sources of heat 

Although the published data are meager on heat 
balances and material balances for oxygen steel- 
operations, the information given by 
Loughrey” for the operation at Aliquippa 1s useful 
for comparison with calculations based on thermal 
data for the high-temperature chemical reactions In- 
volved in steelmaking. For simplicity, it may be as- 
umed that the scrap used at Aliquippa has the same 
composition as the final steel; therefore, all heat gen- 
erated in the process results from the oxidation of 
metalloids in the pig iron. Thus, from published 
data” on the heat content of steelmaking materials 
at high temperature (2875°F) and the heat given off 
it is possible 


making 


by oxidation of the various metalloid 
to calculate the amount of scrap that can be melted 
for each ton of pig iron proce ssed 

Loughrey’s data for the Aliquippa operation gives 
most of the information required for calculating a 
heat balance for oxygen steelmaking. In addition to 
the data given, it is necessary to make the following 
all of which are believed to be fairly 
representative of the operation at Aliquippa. Al- 
though not strictly valid, it was also assumed that 
had exactly the same 


assumption 


the scrap used in the charge 
composition as the metal in the furnace at the end 


of blowing 


Assumptions 
Pet 

« Mn r si Temp. °F 
Ave hot meta 430 0.50 0.112 1.30 2600 
Ave at end of blow 0.10 0.05 0.012 0.00 2875 
Slag 300 ib per tor f steel 
Slag Comy CaO SiO 3.2. 15 pet FeO, 5 pet FeO 
( xidath 90 pct to CO, 10 pet to CO 


Using the above assumptions and the material 
balance given by Loughrey, the amount of heat gen- 
erated by oxidation of metalloids and the amount of 
heat absorbed by the coolants, other than scrap, can 
be calculated. Thus, the difference between the 
amount of heat generated and the amount of heat 
absorbed indicates the available 
for melting scrap, which can be divided by the heat 
content of 1 Ib of molten iron at 2875°F to give the 
pounds of scrap that can be melted within the val- 
iditv of the conditions assumed for the Aliquippa 
Table II gives the results of the heat 
balance calculations and shows that Aliquippa 
should be melting 917 Ib of scrap per ton of hot metal 
compared with 930 lb reported by Loughrey 

The excellent agreement between the calculated 


amount of heat 


operation 


weight of scrap and the actual weight of scrap used 
at Aliquippa is not exactly fortuitous but really 
is the result obtained, if the assumed conditions are 
actual temperature of the 


hotter or 


valid. For example, if the 
hot metal at Aliquippa averages 100°F 


3 
< 
a 
# 
” 
at 
4 
1960 


colder than the assumed temperature of 2600°F, 
then the heat balance would have shown either 60 
lb additional or 60 lb less scrap than the calculated 
amount, 917 Ib, given in Table II. Also, it is not 
strictly correct to assume that the analysis of the 
scrap used in the charge is exactly the same as that 
of the blown metal. If the actual analysis of the 
scrap is 0.15 pet C, 0.35 pet Mn, and 0.05 pct Si, the 
oxidation of these metalloids to the assumed level of 
the blown metal would make sufficient heat avail- 
able to melt 23 lb of additional scrap, or roughly, 2 to 
2.5 pct of the initial weight of the scrap charge 
Earlier calculations by McMulkin” and Philbrook 
on the thermal relationships in oxygen steelmaking 
furnaces indicate that only 670 lb of scrap per ton 
of hot metal could be consumed when the hot metal 
contains 1.30 pet Si, such as the iron used at Ali- 
quippa. How then is it possible for Aliquippa to con- 
sume 930 lb of scrap or roughly 40 pct more than 
reported by McMulkin and calculated by Philbrook? 
It appears that insufficient consideration has been 
given to the important amount of heat that can be 
lost through the nose of the furnace by radiation 
from the hot walls or bath surface at all times, except 
when the effluent carbon monoxide is being burned 
to carbon dioxide at the nose of the furnace. When 
blowing is in progress, the furnace charge may re- 
ceive a small amount of heat by back radiation from 


Table |. Cooling Effect of Materials Used in Steelmaking 
(To heat to 2875°F) 


Material 


Scrap 

Oxveen 
Fluorspar 
Burnt Lime 
Ore. Roll Scale 
Steam (400°F 
Limestone 


Water 


Table II. Heat Balance for Oxygen Steelmaking 


Heat Generated Btu 


Lb per ton HM per Ib of 
Metal 
Metalloid Oxygen loid 


per ton of 


Sources of Heat Hot Metal 


100.8 42:30 500 
224 14100 500 

26 1200 BOK 

15700 1.400 

16250 500 

1870 

Fe to 5 pct FeO, in slag 10.5 1190 1.500 


700 


Cooling Heat 
Effect Absorbed 

Btu per ib Btu per 

to Ten HM 


Actual 
Ib per 


Coolants Ten HM 


2 
Cant 


Refined Metal ont 


Total 


Net Heat Avai for neg r 542.800 


542.800 Btu per " 
b scrap per tor 
592 Btu per ib r 0 2875 slated 
930 Ib scrap per tor 
tua 


13 ib scrap per tor 
explained 


gases burning at the nose of the furnace, but at all 
other times the radiation loss is estimated to be be- 
tween 3000 and 4000 Btu per min per sq ft of nose 
opening. From Table I, this amount of heat is suffi- 
cient to melt 5 to 6.5 lb of scrap for each square 
foot of nose opening. Therefore, a delay of 10 min, o1 
the equivalent for a slowly paced operation of a 
furnace with a 30 sq ft nose opening, would consume 
1500 to 2000 Ib less scrap per charge than a rapidly 
paced operation, such as practiced at Aliquippa 

of computer control 
of tapping temperature have been fairly well defined 
A knowledge of the composition of the hot metal 
permits accurate calculation of the heat that will be 


Thus, the elementary aspect 


generated by oxidation of the metalloids in the iron, 
and the amount of heat absorbed by heating the re- 
quired oxygen and burnt lime to the desired tapping 
temperature. The excess heat then becomes available 
for melting scrap. Further experience will lead to 
more elaborate systems to include the thermal as- 
pects of scrap composition, furnace delays, additions 
of miscellaneous materials such as fluorspar, iron ore, 
and ferroalloys, and the possible use of steam or 
water in small amounts for vernier control of tem- 
perature. Such a 
feasible but also highly desirable, 
the productivity of the furnace, decrease 


system appears to be not only 
since it would 
increase 


the cost of operation, and improve quality control 


Conclusions 


The spectacular growth in oxygen steelmaking 
capacity throughout the world since 1952 when the 
started in Austria 
is evidence that oxygen steelmaking is firmly based 
to be expected 


first commercial operations were 


on sound metallurgical practices. It is 
that further research and experience with the oper- 
ation of oxygen steelmaking furnaces will broaden 
the scope of the method, and minimize some of its 
present limitations concerning scrap melting, tem- 
perature control, phosphorus elimination, lining life 
of the furnace 
can be produced with ease 


and the variety of steel grades that 
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NEW DEVELOPMENTS IN LD STEELMAKING 


A number of recent der elopments have widened the area of application of 
the LD, basic oxygen steelmaking proce These include ore cooling, pro- 


duction of high-carbon and low-alloy steels. and the utilization of high- 
phosphorous hot metal. This article describes how these techniques have 


been used in 12 LD steel plants 


by Herbert A. Trenkler 


foe the past two or three years new develop- 
ments have helped make the LD, basic oxygen 
teelmaking proce applicable to a wider range of 
condition Most interesting of these are the utili- 
zation of high-phosphorous pig iron, the adaptation 
of the process to available raw materials, and the 
production of high-carbon and low-alloyed steels 
Investigations of the metallurgy of the process point 
to further application 


Phosphorous hot metal 


Previously, a hot metal having a phosphorus con- 
tent of 0.5 pet was considered to be the upper limit 
for the application of the LD proces In practice 
however, the majority of plants made use of hot 


metal with considerably lower pho phorus contents 

The Japanese steel plants were the first to use 
pig iron containing 0.4 to 0.5 pet P. They succeeded 
in proving, on an industrial scale, that it is possible 
to produce low-phosphorous steel from such pig iron 
In a one- lag process, they modified top-blow ing con- 
litions, calling the technique soft blowing. As shown 
in Fig. 1, the result at Yawata Iron & Steel Co. was 
a maximum phosphorus content of 0.03 for a 0.1 pet 
C steel.” When using two slags, a maximum phos- 
phorus content of 0.020 pct was obtained, and this 
two-slag technique is the typical treatment pattern 
for high-phosphorous hot metal 

In 1956 and 1957, the United Austrian Iron and 
Steel Works (VOEST) carried out tests in its steel- 
making shops involving the use of pig iron contain- 
ing between 0.5 and 1.5 pct P.” On that occasion the 
following conditions were recognized as being most 
favorable for carrying out a heat: the final slag of 
the previous heat should be used, and the lime 
hould be dissolved rapidly by additional fluxes and 


ore. When the metal bath reaches a carbon content 


between 1.5 and 2.0 pct, the phosphorus content is 
inder 0 pet. At this juncture, blowing is inter- 
rupted; the slag, whic! relatively high in phos- 
phorus, ts removed; and after fresh lime and fluxes 
have been added, the blowing is continued until the 
desired final point is reached. Then the steel is 
tapped, and the slag, which is now relativelv low in 
phosphorus, is used for the next heat. This second 
la ised again, both for promoting the early 
formation of slag in the next heat, and for decreas- 
tne of 

A large number of tests have been carried out 
involving hot metal containing more than 1.5 pet P, 
in other w is almost thomas iron. The method used 
by the Fret Societe des Acieries de Pompey 
and the LD-AC proce ised by the Luxembourg 


plant of ARBED at Duds lange are two processes 
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which have led to success on an industrial level; 
they are discussed separately in this issue 


Adaptation to other iron 

Until recently, there were still individual border 
cases in which the LD process was out of the ques- 
tion, for instance iron of a particularly low carbon 
content or a particularly high silicon content. Re- 
cently VOEST carried out tests in its 5-ton pilot 
plant in order to create conditions that would per- 
mit the blowing of practically any type of pig iron 
This work is still being continued. The results ob- 
tained thus far are satisfactory, and details are 
expected to be published shortly. However, it can 
be said now that this research work has suceeded in 
producing steel in a two-slag technique from a pig 
iron of the following composition: 2.3 pct C, 0.3 pct 
Mn, 4.5 pet Si, 1.4 pet P, and 0.15 pet S. The steel 
thus produced was well suited for the production of 
ship plate as well as for killed and rimming deep- 


drawing grades 


Ore for cooling 

At first, the majority of LD steel plants used 
scrap for cooling purposes, although tests proved 
that it was possible to use ore for that purpose. The 
Bochumer Verein plant in Germany was the first 
one to use the ore cooling method on an industrial 
cale.’ The selection of this technique was based on 
a need to produce steel of low residual content. The 
plant’s mill scrap was needed for melting in electric 
and open-hearth furnaces, and purchased scrap was 
considered to be of inferior quality. It was, there- 
fore, decided to make use of ore for cooling LD 
heats, and Swedish ore pellets were selected 

Ore pellets are added at the beginning of the heat, 
usually all at one time, and rarely in increments 
Experience showed that 1 ton of ore could replace 
3.5 tons of scrap 

The first half of the required lime is charged at 
the beginning of the blow, and the second half after 
about 3 min. If necessary, smaller amounts of lime 
or limestone are added later. In order to obtain low 
phosphorus values in caught heats with a higher 
carbon content, it is better to add burnt lime. For 
the purpose of speeding up the formation of slag 
and thus promoting dephosphorization, fluorspar is 
added to such heats. In the case of low-carbon heats 
it is not necessary to add any fluxes. In all cases, 
blowing was not impaired by slopping 
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In order to investigate the ore cooling technique 
metallurgically and compare it with scrap cooling, 
refining curves were plotted for the iron bath and 
the slag. Samples were taken from the tilted cruc- 
ible with the oxygen supply having been switched 
off. For the same hot metal charge, several heats 
were represented in one curve 

In Figs. 2 and 3 for low-carbon tube steel, it can 
be seen that. in the case of ore cooling, silicon, 
manganese, and phosphorus pass more rapidly into 
the slag during the first minutes of blowing. The 
phosphorus and manganese humps of the curves are 
greater in this case, because of the increased supply 
of oxygen, originating from the ore at the beginning 
of the heat. The FeO content of the slag reaches its 
maximum at the end of the burning of manganese and 
silicon and prior to the begininng of the strong 
carbon drop. There is one FeO hump in the curve, 
but it disappears after 8 min. of blowing, and from 
there on the refining curves of ore-cooled and scrap- 
cooled heats are practically the same It is, there- 
fore, possible to say that the influence of the ore on 
the refining process comes to an end after 8 min 

In view of this fact, it should be expected that 
there would be no difference in the quality of steels 
produced by either of the two methods. This has 
been proved to be absolutely correct. Using ore as a 
cooling agent, Bochume! Verein has successfully 
produced soft, medium-hard, and hard grades of 
steel: for example, deep-drawing steel, tube steel, 
case-hardening steel, heat-treatable steel, unalloyed 
and low-alloyed structural steels, tool steels, and 
antifriction bearing steel 

All hopes pinned to the ore-cooling of LD heats 
were completely fulfilled. In addition, the following 
advantages were achieved: 


1) the tap-to-tap time is shorter because the ad- 
dition of ore through chutes requires less time than 
charging scrap in the normal manner; 

2) about 10 pct of the required oxygen 1s saved 
in the case of pig iron of the following analysis: 4.3 


— 


Symbols Operating Conditions 
— 


| One Slag Hard Blow 
Soft Blow 
|e———| Two Slag Soft Blow 
1 | Tile .| | 


two S109 
> 230450 100 200 
(C)x 10% Yo 


Fig. 1—Relotionship between carbon and phosphorus under differ 
ent melting conditions at Yowata steelworks in Japan. After S 
Machoro, S. Morita, and Y. Hirose 


pet C, 0.5 to 1.0 pet 5i, 1.0 to 1.8 pet Mn, and 0.10 to 
0.13 pet P; and 
3) in the event of high scrap process, production 


costs will be lower 


The pioneer work pe! formed by Bochumer Verein 
brought about consideration of the case where high 
prices or short supplies make scrap cooling of LD 
heats absolutely impossible. If, however, no rich 
ores are available, a high proportion of gangue will 
somewhat restrict the use of ore In this connection, 
a statement made by E. Plockinger™ on the occasion 
of the Austrian metallurgists’ meeting In 1959 is 
quite interesting. He said that it was possible to use 
Renn pellets obtained in the Krupp-Renn process for 
cooling an LD heat in a small, 3-ton crucible. How- 
ever, these pellets had been partly desulfurized, and 
had a sulfur content of only 0.35 pet 

In practice, cases may occul where one is inter- 
ested in increasing considerably the amount of scrap 
charged. Recently, VOEST, in collaboration with 
Kaiser Engineers, carried out favorable tests in this 
area. Fuel was supplied to the crucible, and due to 
the increased chemical heat, an additional 15 pet 

crap could be charged The quality of the steel thus 
produced was not inferior to normal LD heats 


High-carbon and alloyed steels 


In the production of high-carbon and alloy LD 
steels, the Osterreichisch-Alpine Montangesellschaft 
in Austria” and Bochumer Verein* and Gusstahl- 
werk Witten” in Germany have been particularly 
active. The aim was to obtain a higher carbon steel, 
not by recarburizing 4 soft steel, but rather by 
catching the heat at the desired carbon content. In 
this manner a steel with a lower oxygen content Is 
obtained: consequently during the subsequent kiii- 
ing a smalier amount of deoxidation products will 
arise. The fact that the consumption of oxygen 1s 
maller. that less iron passes into the lag, and that 
the tap-to-tap time is shorter, are additional advan- 
tages of this method. A prerequisite for this tech- 
nique is an early dephosphorization, so that at the 
time when the heat is caught, the phosphorus con- 
tent is sufficiently low. The established methods of 
peeding up the slag formation can be used. If this 
does not help, then two slags are used. This is fre- 
quently the case when alloy steels with an espe- 
cially low phosphorus content are to be produced 

In order to achieve precision In the composition 
of the steel produced, it is necessary to know exactly 
the composition of the pig iron, the weight of the 
hot metal charged, and the amount of oxygen con- 
sumed. Good measuring instruments are indispens- 
ible for this purpose. After a quick analysis, carbon 
adjustment can, if necesary, be made by an after- 
blow or the addition of solid carburizing agent 

Special attention must be paid to the manganese 
content. At a carbon content of 0.5 to 1.0 pet the 
maximum manganese content 1s reached (see Figs 
2 and 3). The formation of this so-called manganese 
hump depends on the temperature of the heat and 
the FeO content and basicity of the slag; thus, it Is 
not always equally high. For this reason, the man- 
ganese content also has to be chec ked by quick anal- 
ysis. When steels requiring a high manganese con- 
tent are produced, attempts are made to utilize the 
high manganese content of the bath. If, however, a 
low manganese content Is prescribed, as in the cas* 
of a number of wire grades and tool steels, then it 
necessary to change the slag in order to remove tr 
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Table |. Production of Rope- Wire Steel 


Pet Mn. Pet Si, Pet Pet Pet 
De ed 0.45-0.72 045-055 02-03 0 02 0 02 
Actual ar 0 0 ool oot 
Charging: 6 
hot metal 14.100 ke 4 ‘ 
1900 ke a 
100 k 
hot et 4 pet ( 20 pet M ol ts 
Ar ‘ hat pet 164 pe M 
Mr 
ple tak i ft 
Acidit ! ta 
wir if 
\ t of ‘ 4 1 
4 > 3 pet MgO } 
pet M 
Sample t ne easuring t ‘ re ‘ 
t ping idl FeSi \ 
Tet t ‘ 9 


best to do such deslagging at the 
teel batt 


manganese, It i 
time when the manganese content in the 
is at it formation of the 
manganese hump. This deslagging take ) to 7 m 
in the case of a 30-ton crucible. Cuscoleca and Ro 


ne! have published Table I covering such a typical 


lowest, Le prior to the 


heat 
In the same manner, case-hardening and heat 
treatable tee! ball-bearing 
teel and steel 
duced at 
chrome ball-bearing 
on p. 678 of the October 1958 1 
META a typical example 
All of the additional procedures for higher carbon 
and alloyed steels take 
the tap-to-tap time a little longer The 


low-alloyv tool tee! 
for the electric industry are pro- 
Austria. The 
teel, described in some detail 
ue of JOURNAL Ot 


Donawitz production of 


time. of course, and make 
following 
urvey shows the conditions prevailing in the Dona- 


witz plant 
Processing Time, min 
Low-carbon rimming steel 3 


Low carbon killed steel 34 


High-carbon steel recarburized 


with liquid pig iron 37 
High-carbon steel recarburized 

in the ladle 43 
High-carbon steel caught 31 
High-carbon steel caught afte! 

ntermediate lagging off 39 
High-carbon alloved steel 44 


Double slagging at Witten 
At the Witten plant 


in Germany a new method 


involving two slags has been developed. The first 
lag which is highly basic and rich in FeO acts as a 
lephosphorization slag, while the second slag which 
conta much le FeO and is less basic dot not 
perform any particular metallurgical task. The idea 
of this method is, first of all, to bring about a reli- 
able and strong dephosphorization when the carbon 
content till high, a equired in the production 
of alloy teels. The second is to keep melting losse 
of the alloving elements in allo. crap and ferro- 


alloys as low as possible 
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t part of the heat, sized lime in the form 
amount of fluxes are 


In the fil 
of small lumps and a large 
used for the formation of the first slag. Blowing 1s 
rich FeO slag. After 10 min 
of blowing (total blowing time is 30 min) the slag 
20 to 30 pet FeO and has a CaO:SiO, ratio 
f 3.5. The carbon content of the bath Is high 


done soa to obtain a 


contau 
between 3.2 and 3.4 pct. But the temperature of the 
bath has not vet increased, because the reaction 
heat has been used mainly for the formation of the 
lag. While the slag is running off, its FeO content 

decreased by about 50 pct due to the strong re- 
action with the carbon of the bath. If the phosphorus 
content of the melt is 0.12 pet by the end of the first 
phase, a dephosphorization to under 0.02 pet P can 
be expected. The finished steel will then contain be- 
tween 0.01 and 0.015 pet P 

Prior to the beginning of the second phase of 
blowing. ferromanganese and ferrosilicon are added 
The amount added is de- 
teel to be produced, 


as chemical heat carriers 
termined by the grade of the 
the carbon content at which the heat must be caught, 
and the amount of alloy to be 
added The volume of the second slag IS kept small 

about 3 pet and its CaO:SiO, ratio is be- 
tween 1.6 and 2.5. Due to the rapid increase in the 
bath temperature, only the carbon ts oxidized, while 
the alloving metals remain unoxidized. For this 
n. chromium vield in the case of steels contain- 
ing 0.1 pet C will be between 75 and 80 pct. Bath 
exceeding 1700°C are important fo! 
well as for the production 


crap and ferroalloys 


temperature 
the vield of chromium, a 
of steels comparable to high-grade electric fur- 
nace 

Investigations have shown that, within a carbon 
range of 0.4 to 1.5, the oxygen content of the steel 
at the end of blowing is lower than the oxygen con- 
tent of a well-boiled open-hearth steel. Only in the 
case of a carbon content below 0.3 pct was the oxy- 
gen content slightly higher than the oxygen content 
of a corresponding open-hearth steel 

Inasmuch as the small amount of the second slag 
possesses only a low phosphorus concentration, a 
deoxidation with FeSi can be carried out in the cru- 
cible without danger of rephosphorization; thus, in 
e ensuing alloying there will be only negligibie 
Deoxidation also decreases tempera- 
ture losses. for which reason the holding time for 
melting the ferroalloys can be extended up to 40 
stahlwerk Witten has succeeded in 
the LD vessel many grades of steel, 
which have heretofore been produced only in the 
electric furnace. It true, however, that the special 
ved by this firm take considerable 
time and that the life of the crucible is somewhat 
about 30 kg of dolomite is 


ton of steel produced 


Thus, Gu 


producing in 


decreased, since con- 
umed pe! 

As far as case-hardening steels are concerned, 
Cr-Mn. Cr-Mo, Cr-Ni, and Ni steels are produced 
correspond to those of electric fur- 
their susceptibility to 
especially in the case of gas cementa- 
tion. is a little higher. Nitriding steeis containing 
more than 1 pet Al and alloved with Cr and Cr-Ni 
proved to be equal to the best electric furnace steels 
Their uniformity was particularly noteworthy. Both 
alloved and the alloyed tool steels distin- 
guished themselves by thei low susceptibility to 
weak spots w a very wide range of hardness 
Cr. Cr-Mn, and Cr-Si steels, containing up to 1.5 


The properti 
nace teel except that 


thir 


he 
3 
it 
} 
4 
Gi 
| 
a 
a 
ty 


ted 


$_$ 


FeO. MnO, SiO, 
I FeO, MnO CaO SiO, (% 


* 
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~ 


metalic bath 


Si Mn (%e) 
C Si Mn (%e) 
CS: 


6 @ 10 12 % % 18 20 Blowing time, min 

Blowing time. min lowing fime, min 


Fig. 2 (left)—LD melt with ore cooling for a mild, killed steel for tubes; tensile strength from 22.2 to 28.8 tons-per-sq-in. Fig. 3 (center) — 
Same as Fig. 2 with scrap cooling; both after R. Kunz. Fig. 4 (right)—LD melt with scrap cooling; after E. Pléckinger and M. Wahister 


pet C, as well as Cr-Ni-Mo-V, Ni-Mo, and W-Cr-V 
steels, have been produced. A total of 47 different 
types of steels, which were formerly produced only 
in the electric furnace, have now been included in 
the program of the LD steel plant 


T 
+ 


theoretical equilibrium 
LD metallurgy eceording te tempereture 
Like other new processes, the LD process is con- 
stantly being further investigated by tests. intended it 
to clarify metallurgical questions which keep crop- Tia 3.172 
ping up continuously tor S10, soturated acid slag 
From the beginning, the melting loss condition | 
of the bath, being the most important aspect of the 1500 1800 


metallurgy of the process, have been the subject of Temperoture (°C) 


numerous investigations. It is difficult, however, to 
take a regular sample without interrupting the 
process. On the occasion of the 1959 Austrian met- 
allurgists’ meeting, E. Plockinger reported on suc- 
cessful tests with a 3-ton test vessel”, in whien i the metal bath and the slag is established within a 
was possible to measure temperature constantly, hort time, as is to be expected theoretically. Thi 
thanks to the installation of a thermocouple in the ‘ Palin GN 

: is further proof that LD steel is in no way over- 
rim of the crucible bottom. In Fig. 4 Pléckinge: 
shows the development of a normal heat cooled 
with scrap. There is nothing new to be said about 
the analyses of the steel, but as far as the slag 
ples are concerned, he analysed and considered only With the foregoing explanations, I hope that I 
that part of the slag which really acts as slag, i« have made it clear that also outside of North Amer- 
only the dissolved liquid part. The curves clearly ica, the LD basic oxygen steelmaking process is 
show that, in the beginning, the slag is very aci constantly being further developed so as to make 
and becomes basic gradually as the lime disso use of a wider range of raw materials and produce 


Fig. 5—Alternation of manganese distribution during melting; after 
E. Plockinger and M. Wahister 


aturated with oxygen 


Conclusions 


To the same extent as the ba y increases, tn un ever larger group of steels 
FeO and the MnO contents decrease continuously 
The curves clearly show how important it is for a 
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LD STEEL FROM 


HIGH-PHOSPHOROUS IRON 


Written especially for the JouRNAL or METALS, this article describes develop- 
ment work by the Aciéries de Pompey in France which permits the pro- 
duction of quality steels from high-phosphorous hot metal by the LD, basic 
oxygen steelmaking process. The result is that the LD process can now be 
used for the treatment of most types of hot metal, regardless of silicon and 


phosphorus content 


by G. Messin, L. Lambert, and G. Helfenstein 


NTIL now the LD steelmaking process has been 
Uimitea to the treatment of iron containing less 
than 0.4 pet P. The possible application of the proc- 
ess to hot metal rich in phosphorus is an interesting 
undertaken at the 
Acieries de Pompey at the beginning of 1956. Some 
1200 heats of 20 metric ton 
the results of thi tudy 


one, and uch a tudy wa 


have been tested, and 
are here recounted 


Raw materials 


Hot metal at the Pompey plant has an average 
i 3.6 pet C, 0.5 pet Si, 0.4 pet Mn, 
and 1.85 pet P. Thus, it is hot metal which is nor- 


analy as follow 


treated by the thomas or basic bessemer 
Lime used in the LD vessel is the same a 
that used in the thomas steel shop; it i 


40 mm in order to render it more 


mally 
proce 
ground to 
reactive. Ore 
North African 


utilized for cooling the LD heat |! 


iron ore of 52 pet Fe content 


The installation 


One of the four converters of the thoma teel 
hop at Pompey ha an LD 
vessel, a hown in Fig. 1. A feed chute permit 


been modified for use as 
lime and ore additions to be made during the course 
of a blow 

The different position 1e vessel for blowing, 
Fig. 2 


deslagging, and pouring are indicated in 


Pouring of a heat is done through a tap hole 
All of the operations are controlled from a central 
pulpit where ie f wing recording instruments 
e located: oxyvge ine pressure indicator, oxygen 
flow indicator, oxy- 


ure indic: oxvgen 


‘'r, and flow indicator for lance cooling 
water, ° desired blowing pressure is maintained 


at a constant level by automatic regulation 


Operating principles 
Ideally 1e treatment of 


in tne foll Wing 


Pompey hot-metal 

dephosphor- 
before decarburization 

n rmin the operation 

relatiy igh carbon it. This 

formu luid lag ricn in 


posstt ! ordael ( pre 


conditions 


requires 
ly 


orization 


lime, a 


mote dephosp! 


G. MESSIN, L. LAMBERT, and G. HELFENSTEIN ore with 
the Societe des Aciéries de Pompey at Pompey (M&M), France 
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the presence of carbon. The slag should be saleable 
as phosphate fertilizer, which prohibits the utiliza- 
tion of fluorspar for rapid slag formation. Also, the 
final slag should not be rich in phosphorus, thus 
preventing rephosphorization before tapping 

The following method of operation has been de- 
veloped as a compromise between all of these re- 
quirements, and includes two parts 

In the first step, silicon and the major proportion 
of the phosphorus are eliminated, while as much 
carbon as possible is retained. This operation 1 
stopped at about 1.5 pct C and 0.2 pct P (See Fig 
3a), and a slag containing about 80 pct of the phos- 
phorus in the charge is removed 

The second step includes an important addition 
of lime, but is otherwise like an ordinary LD blow 
The final slag is rich in lime and in FeO, but it Is 
poor in phosphorus. It retained in the vessel after 
tapping of the metal and remains there for the first 
part of the following heat, in the course of which 
it is enriched in phosphorus and returns its iron 
oxide content to the metal 


Low-carbon steel 


a.) Charging: Hot metal, scrap, and some lime 
(4 pet), are charged onto the final slag of the pre- 
ceding charge (3 metric tons). The hot metal ts at 
a temperature of 1200° to 1250°C. The quantity of 
scrap charged at this time is about 100 kg per 
metric ton for a normal hot metal (a final addition 
of 150 kg of scrap per metric ton of iron is being 
made after deslagging). Iron ore can be used in 
place of scrap 

b.) First blow: At a high oxygen pressure, about 
35 cu m of O, per metric ton of hot metal is blown 
During this period the lance is momentarily raised 
in order to form a fluid slag. The lance is brought 
back to its normal position as soon as the slag is 
fluid, which is accompanied by a considerable di- 
minution of red fumes and a modification of the 
flame color 

The blow is stopped at a metal analysis of 1.0 to 
1.5 pet C, less than 0.2 pet P, 0.25 pet Mn, and metal 
temperature is 1550° to 1650°C. There is usually 8 
to 12 pct FeO in the slag. The slag, which does not 
contain metallic granules, is removed over the lip 
by inclining the vessel 


Fig. 3 indicates the principal characteristics of 
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Fig. 1—The LD vessel at the Pompey plont of the Société des 
Aciéres de Pompey in France. Fig. 2—Different positions of the 
LD vessel at Pompey 


this step. In the case where manganese content of 
the charged metal is more than 0.50 pct, the loss of 
manganese is very low (Fig. 3b). This is due to the 
fact that the slag of the preceding heat carries man- 
oxide and prevents oxidation from the 
It can also be seen (Fig. 3c) that a high tem- 
perature at deslagging permits the removal of a 
slag low in FeO. It should be noted that the hot 
metal may have a high silicon content without risk 
of foaming, as the formed is 
neutralized by the lime-rich slag 

c.) Second blow: Before starting to blow, a quan- 
tity of scrap is added. This is calculated as a func- 
tion of the deslagging temperature and the volume 
of oxygen yet to be blown, and averages 150 kg per 
metric ton of iron. It can also be replaced or cor- 
additions during the course of the 


Zanese 
metal 


silica immediately 


rected by ore 
blow. Blowing is commenced, again at high pres- 
] pet) is added as the heat pro- 


sure, and lime (7 
gresses. The blow is stopped when a sufficient 


2 at 600 6% 


Fig. 3—Principal characteristics of the first blow for high 
phosphorous hot metal. Fig. 4—Characteristics of the metal during 
the second blow 


4a 


quantity of oxygen has been blown and flame color 


is correct. Position of the lance and final oxygen 


pressure are determined by the desired carbon and 

depending princi- 

pally on the FeO content of the slag (see Fig. 4) 
d.) Deoxidation and casting: Ferromanganese can 


phosphorus contents, the latte: 


be added to the vessel, but it is faster to make a 
additions to the ladle, and this is particularly so f 
ing steels. Ladle additions give excellent 
. as tapping through a tap hole avoids p: 
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lag into the ladle. When slag starts to appear 
in the ladle, the vessel | 
ready for the next heat. The tap hole is plugged by 
a simple piece of wood 

e.) Time breakdown, tap-to-tap: 


righted and is immediately 


charging hot metal, crap, and lime 

blowing, first step 

deslagging, sample-taking, and 
charging additional ap 

blowing, second step 

temperature control and 


taking 


tapping and replugging hole 


ample- 


Total 45 min 


hould not 
preciably when the size of the charge 1 


-0.10 C steel 


The second step | 


This time requirement increase ap- 


increa ed 


modified slightly for produc- 
carbon steel. Violent boiling between 
limits the oxidation of the slag 
greater than 0.10 pet. As the phos- 
bath depends almost exclu- 

lag and the bath tempera- 
independent of the 


tion of higher 
lag and metal 
while carbon 

phorus content of the 
ively on the FeO in the 
ture (Fig 4a), and 1 

carbon content (Fig. 4b), it 1 
modify the blowing conditions in order to diminish 


the lag 


nearly 
necessary only to 


metal boil and permit the slag to retain 
more FeO. This i 
ure 


done by blowing at a lower pres- 
Precise regulation of the carbon content is ac- 
an experimentally established 
tapping through a tap 


complished by using 
‘raph By 
rephosphorization in the ladle is 


decarburization 
hole, the risk of 
mall, a lag 


Tap-to-tap time | 


metal separation is excellent 
lightly 


lower-carbon 


increased over pro- 
duction of because of the 


necessity of determining carbon and phosphoru 
content and also because of blowing at a lower 


rate 


Thermal balance 


The subject of thermochemistry of oxygen steel- 
making has been treated before* but it should be 
noted here that the thermal balance is largely in- 
fluenced by the quantity of CO that 1 
CO, within the vessel. In tl 


been found that the quantity of scrap which may 


burned to 
ie present study it 


with blowing conditions, and falls in 
to 250 to 


metric ton of metal, and can be replaced 


added varie 


range of 20 to 30 pet. This correspond 

OO kg pe 
ities of ore 

to consume all of the scrap 

teel produced by the proc- 


apparatus 


ited in rolling the 


‘ without installing additional melting 


Metallic balance 


While efficiency metal 
plant practice, it 1 
iron lost will be 


recovery depend sub- 
possible 
theoretical 
lag and red fume 
of 7 pet Fe, which 
ric ton, and fume 
Fe per metric 
Si, and P) amount 
of metal should be 
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theoretically recovered from a metric ton of charged 
hot metal, resulting in 91.3 pct recovery Of course, 
efficiency will be increased by charging scrap and/or 


ore 


Oxygen balance 


Losses of oxygen are confined to oxidation of iron 
which is lost in slag and in red fume. Slag losses 
are low. since the first slag is low in iron and the 
econd, although high in iron, is used in the subse- 
quent heat. Total oxygen consumption is on the 
order of 60 cu m per metric ton of hot metal, includ- 
ing both gaseous oxygen and combined oxygen from 


the ore 


Economics 


It has been shown above that the metallic re- 
covery of the process is very good; consumption of 
lime, less than 110 kg per metric ton of iron, is low, 
and the consumption of oxygen is equally low. All 
of these factors, of course, will tend to reduce proc- 
However, the duration of the operation 
is substantially longer than for the treatment of 
low-phosphorous hot metal—about 50 pct greater 
Therefore, it requires greater investment In capa- 
city and labor for a given production 

Consumption of refractories has not been deter- 
mined with precision, as this requires a long indus- 
trial-scale operation. However, the MgO content of 
the slag, and comparison of the life of linings in 
the thomas and LD vessels shows that the consump- 
tion of dolomite should be below 18 kg per metric 
ton 


Steel quality 

At the end of the second blow, the steels produced 
during this study have been almost identical to steels 
produced from low-phosphorous iron. It should, 
therefore, follow that these steels should have the 
ame good properties as standard LD steel. This has 
been borne out in tests conducted on the steels with 
carbon varving from 0.05 to 0.20 pct for rimming 
grades and from 0.05 to 0.50 pct for killed steels 
Tests were conducted for deep drawing qualities, 
weld bend, Charpy impact properties, and micro- 
structure, and in all cases quality was at least 


essing cost 


equivalent to open hearth grade 


Conclusions 

Results obtained at Aciéries de Pompey substan- 
tially enlarge the domain of applications of the LD 
process, which may now be used for any hot metal, 
regardless of silicon or phosphorus content 

The method of retaining the final slag for the first 
step of the following heat limits iron losses and 
lime consumption, thereby reducing 
processing Moreover, the process is_ not 
limited to producing steels of low carbon content, 
but can also be used for the production of medium 
and high-carbon steels and low-alloy steels 

With these encouraging results in hand, Acieries 
de Pompey has decided to improve this installation 
by providing mechanized equipment for handling 
lime and ore, and by installing apparatus for re- 
moving dust from the fumes. This small installation 
will then be capable of producing 6000 metric tons 
per month. In a second stage of expansion, Acieries 
de Pompey plans on installing a new LD steel plant 
which will substitute for the old 


oxygen and 


costs 


with two vessels, 
open-hearth plant 
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PNEUMATIC PROCESSES 
FOR CONVERTING 
HIGH-PHOSPHOROUS IRON 


In Europe, the application of pneumatic processes for converting high-phos- 
phorous hot metal have increased considerably. This is evident if only the 
various bottom-blowing processes are considered, but it is still more obvious 
if top-blowing processes are taken into account. This paper presents recent 
information on these developments, with particular emphasis on the LD-AC 
process for top blowing with oxygen containing powdered lime 


Condensed from a paper by P. Coheur 


n Europe, three leading techniques of bottom 
Piowing hot metal are currently in use; they dif- 
fer as to the nature of the blast, and include atmos- 
pheric air, oxygen-enriched atmospheric air, and 
gaseous mixtures, essentially composed of oxygen 
and steam 

Up to now, some half-billion tons of 
carbon steels have been produced using atmospheric 
air. These steels, which are quite suitable for 
numerous purposes, contain an average of 0.0090 to 
0.0120 pet N, 0.045 pct P, and 0.035 pct S 

From the point of view of economics, 
with atmospheric air is characterized, in contrast to 
the classical open-hearth and electric processes, by 
lower capital and operational costs and by a much 
shorter time of elaboration. On the other hand, the 
process requires a hot metal of a narrow range of 
phosphorus and silicon content and permits the 
melting of only a relatively small quantity of scrap 

When quantities of oxygen at sufficiently low 
available from tonnage oxygen 
plants, steelmakers used the opportunity to enrich 
atmospheric air with oxygen. Enrichment of 25 to 
40 pct resulted in the following improvements ove! 
the classic pneumatic process 

1) a 20 to 25 pet reduction in the nitrogen con- 
tent of the steel produced and, to a smaller extent, 


low- 


blowing 


prices became 


the phosphorus content; 
2) an increase in scrap consumption; 
a 30 to 40 pct decrease in the conversion time; 


4) a 10 to 20 pet increase in production capacity 

The spectacular development of the market for 
flat products which arose after World War II, forced 
teelmakers to produce new grades of steel having a 
higher cold ductility than could be obtained by 
blowing with atmospheric air or oxygen-enriched 
air. In this 
siderably the nitrogen 
steel. The recourse for steelmakers utilizing pneu- 


regard, it was necessary to lower con- 


and phosphorus content of 


matic processes was blowing with gaseous mixture 


such as oxygen and steam, and establishing a 


P. COHEUR is a professor at the University of Liege and direc 
tor of the Belgian National Metallurgical Research Center. This 
poper was originally presented at the 1960 AIME Annual Meeting 


double-slag practice. The steel produced according 
to this method, called the OV process, contains 
about 0.0020 pet N, 0.020 pet P, and 0.020 pet S. It 
has cold ductility properties at least equal to those 
of open-hearth steels 


Special bottom-blowing processes 


1) Dual Process 

The evolution of metallurgical reactions occur- 
ring in a basic bottom-blown converter is charac- 
terized by the fact that carbon elimination precedes 
that of phosphorus, regardless of whether the oxi- 
dizing medium be atmospheric air, enriched air, o1 
oxygen-steam mixtures. This results from the fact 
that phosphorus elimination is carried out in two 


tages 


2P +50 P.O 
| 


P.O, + 4CaO CaOP,O 2] 


econd reaction, under industrial con- 
liquid 


and that the 
ditions, starts only 
This occurs at the point that carbon oxidation pro- 
vides the metal bath with sufficient heat 

In order to hasten dephosphorization and prevent 
an exaggerated decarburization of the metal bath, 
diverse proposals have been advanced. All of them 
aim at the liquefaction of slag at an early stage 
Among these processes, one proposed by H. Bansen 
in 1926' consists of increasing the amount of heat 
upplied to the metal bath by burning a portion of 
most easily 


when the slag becomes 


the escaping carbon-monoxide. This | 
carried out by an oxygen lance introduced through 
the top of the converter 

In 1955/56, the Belgian National Metallurgical 
Research Center (CNRM) decided to verify this 
proposal and thus carried out heats by blowing en- 
riched air through the bottom of the converte! 
while simultaneously blowing oxygen through the 
top. This was done at the Espérance-Longdoz work 
in Belgium 

Although the concept may be theoretically at 
tractive, in practice and under operational cond 
tions in which we were placed, it was not pos 
to reach the desired goal. Dephosphorization w no 
faster, and there was no change in the final carbon 
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content of the bath. However, the proce has the 
advantage of melting an additional juantit) Oo 
crap, varying from 0.60 to 0.75 lb per cu ft of O 
blown through the lance, and 0.30 to 0.36 Ib per cu 
ft of O. blown through the bottom. These figures cor- 
respond exactly to the heat resulting fron the com- 
bustion of carbon monoxide with the oxygen blown 


through the lance 


2) Phoenix Lance 

When conversion is carried out by means of 
atmospheric air o1 oxyvgen-enriched air, it appeal! 
that the nitrogen in the metal bath varies with time 
and increases rapidly when the carbon is relative ly 
low and when dephosphorization 1s increasing Thi 
results from the fact that, during the last minute 
of blowing, the oxygen of the blast combine with 
phosphorus, causing the gas escaping from the bath 
to carry a considerable quantity of nitrogen. The 
percentage of carbon monoxide is very low, and the 
temperature is on the high side. 

Engineers of the Phoenix-Rheinrohr firm in Ger- 
many tried to prevent this abnormal nitrogen con- 
centration by carrying out dephosphorization by 
means of an oxygen lance. They proposed a three- 
tage proce 

1) conversion is conducted in the normal manne 
to an avg of 0.1 to 0.4 pet c: 

2) the converter is tilted, an oxygen lance 
introduced through the top, and phosphorus elim- 
ination is achieved with industrial oxygen; and 

{) when the phosphorus content reaches 0.2 to 
0.3 pet, the lance is withdrawn, the converter 
raised again, and the conversion 1 finished accord- 
ing to the classical technique in less than | min 

With this technique, known as the Phoenix- 
Lance, steels have been produced containing 0.0020 
to 0.0050 pet N and 0.025 to 0.030 pet P. Desulfur- 
ization is on the order of 70 to 80 pet 

In its new thomas steel plant in the Ruhr, Phoe- 
nix-Rheinrohr has equipped two converters for th! 
proce However, it is still too early to express any 
opinion about its future exploitation 


Top-blowing processes 


1) LD 


As far as phosphorou 
emi-phosphoru 0.6 to 1.5 pet P 
are concerned, the LD process wa faced with diffi- 
culties which had to be met by special blowing 
techniques 

One technique, proposed by metallurgists from 
the Société des Aciéries de Pompey in France in 
collaboration with engineers of VOEST in Austria 
is a two-slag process using crushed lime. It is de- 
cribed in detail in an article written by metallur- 
gists from the Pompey plant, and appearing in thi 

» of the JOURNAL OF METALS 


2) LD-AC 
A second modification of the LD process to per- 
mit the treatment ofl high-pho phorou hot metal 


1.5 to 2 pet P and 
hot metal 


consists of injecting pure oxygen containing pow- 
dered lime onto the surface of the bath through a 
lance, This technique was studied by IRSID, the 


French ferrous metallurgy research institute, at the 
Denain steelworks in France’, and quite independ- 
ently. by metallurgists of the ARBED firm in 
Luxembourg working in close collaboration with 


CNRM 


In the following discussion, we shall con- 


546—JOURNAL OF METALS, JULY 1960 


ider only the result obtained by ARBED and 
h led to the de velopment of the LD-AC 


CNRM, which 
proce 

P. Metz at the Journees Internationales de 
held in Liege, Belgium, in June 1958, 
described the installation at ARBED and presented 
the first results obtained’. And during the Annual 
Meeting of The Iron and Steel Institute, held in 
London in May 1959, he submitted the results ob- 
tained on an industrial scale, operating the proces 
on a 24-hr basi 


At the present time, more than 2000 heats from 


a 26-ton converter representing more than 50,000 
ton of tee! ave been produced The following 
iten ummarize the results obtained thu far 

1) From the operational point of view tre 
hould be laid on the foaming state of the slag, 


which can be provoked, adjusted, and controlled 
within narrow limits. Thi most advantageous for 
controlling the conversion, reducing the projections, 
ind increasing the metallic yield. 

®) As to the evolution of the chemical and physi- 


cal reactions, in contrast to the basic bessemer per- 
formance, dephosphorization and decarburization 
take place simultaneously. The result is that the 


tate of oxidation of the metal at the end of the 


elaboration is controlled, as in the open-hearth 


process, through the carbon activity of the metal 
bath. In a more explicit way, Fig. 1 show the 
Vacher and Hamilton C x O relation for P ] 
atm. and above it, a curve relating to the open- 
hearth proce Fig. 1 also shows a mean curve fo! 


4 series of 200 consecutive LD-AC heats. The curve 
i somewhat below that of the open-hearth 


located 


teel and even approaches the Vacher and Han ilton 


curve when the carbon content becomes less than 
0.05 pet 

3) As for the chemical analysis of the steel pro- 
duced. the nitrogen content depend upon the 


purity of the oxygen blast. Hence, with 95 pet O 
the nitrogen content of the steel is approx 0.0050 
pet, while with an oxygen of 99.5 pet purity, the 
nitrogen content of the steel 1 0.0025 pect 

Desulfurization during the elaboration is particu- 
larlv high. reaching to 70 pet. This then permit 
teels containing 0.015 to 0.020 pet S to be produced 
without any difficulty 

The phosphorus content of the steel can easily 
be brought within 0.010 to 0.020 pet. This } achieved 


with two calcic slag the first is removed when the 


phosphorus content of the bath is between 0.100 


Fig. 1—Vacher and Homilton C x O relation for P 1 atm as 
compared with the LD-AC, electric-turnace, and open-hearth proc 


esses 
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and 0.200 pct. This technique is identical to that 
used in the basic bessemer operation, except that, 
in the case of LD-AC, the carbon content of the 
bath at the time of the first slag removal is 0.7 pct, 
while in the basic bessemer process it is 0.02 pct 
Furthermore, the second slag, when operating with 
a tapping hole, may be kept in the converter and 
used in the following heat 

4) In regard to the operating costs of the process, 
the following information for a converter without 
a tapping hole is of value: 

a) scrap consumption is about 600 Ib per ton of 
hot metal, and scrap may be wholly or partially re- 
placed by ore; 

b) lime consumption is on the order of 210 lb per 
ton of hot metal; 

c) oxygen consumption is 1920 cu ft per ton of 
hot metal; 

d) iron yield of the operation is about 90 pct, due 
to the large quantity of scrap added and the low 
iron losses in the slag; 

e) the yield of manganese for deoxidation is on 
the order of 75 pct, because of the low oxidation 
stage of the metal at the end of the operation; 

f) the rate of conversion is 1.75 ton of steel per 
min, but this rate can be increased under better 
operating conditions; and 

g) the refractory linings of the converter are 

subjected to more severe conditions than in the 
case of bottom blowing. With conventional rammed 
dolomitic linings, the life of the refractories, al- 
though reduced by 30 to 40 pet, is sufficient for 
economic operation. In order to prolong this life, 
one solution would be to adopt the same refractory 
lining as is used in the LD process, i.e. magnesite 
refractory linings. 
On the basis of the above data, and assuming a 
pig-iron: scrap cost ratio above 1.7, it would seem 
that the operating costs for the LD-AC process in 
the Belgian and Luxembourg plants would be on 
the same order as those encountered in the bottom- 
blowing basic bessemer process using oxygen-en- 
riched air 

5) For determining the mechanical properties of 
the steels, we undertook numerous studies, not only 
in the laboratory, but also in industrial applications 
among customers. These studies dealt with low-car- 
bon, mild, and high-carbon steels, and rimmed, 
semi-killed, and killed steels. Cold ductility, transi- 
tion temperatures, and inclusions were given par- 
ticular attention 

We compared the steels obtained by the LD-AC 
process with those produced by oxygen-steam 
blowing, and the Kaldo, open-hearth, and electric 
furnace processes. The conclusion drawn was that, 
with a given chemical analysis and rolling tech- 
nique, the LD-AC steels offer mechanical properties 
at least equal to those of steels produced by these 
other processes 

6) The LD-AC process, in spite of its newness, 
enjoys at the present time in Europe, a great deal of 
success. Several firms in Belgium, France, Germany, 
the UK, and Luxembourg have decided to equip 
their steel plants for this process. One of them is 
already in operation 

7) Currently a number of studies, designed to 
extend the industrial application of the LD-AC 
process, are underway 

In one area, research on increasing the scrap 
consumption is being pursued. Two techniques are 
advisable. The first consists of increasing the 


system 


amount of combustible elements in the 
This can be done by means of solid fuel additives 
But liquid or gaseous fuels may also be employed 
by providing the oxygen lance with an additional 


tube, concentric or centric; it would be, in fact, a 
special burner working with a high excess of oxy- 
gen 

The second technique is based on the previously- 
mentioned idea of H. Bansen for burning the excess 
carbon dioxide gas with an additional supply of 
oxygen. This technique is soon to be employed in 
a steelplant, which will use a special lance com- 
posed of two concentric tubes. The central tube will 
be used for the introduction of oxygen and pow- 
dered lime, while the outer tube will be used to 
provide the necessary oxygen for the combustion of 
carbon monoxide 

Research is also underway on the application of 
the LD-AC process 
phosphorous hot metal. There is ample a priori evi- 
dence that the LD-AC process can also be used for 
these types of pig iron. Interest with respect to the 
LD process would lie in an easier control, a higher 
flexibility of the operation, and possibly in lower 
production costs. Small-scale experiments have al- 
ready been carried out, and one steel plant is actu- 
ally equipping itself with such an installation. It 
will start operation during 1960 


to semi-phosphorous and non- 


Conclusions 


In conclusion, it should be pointed out, first, that 
in Europe the pneumatic processes of converting 
high-phosphorous hot metal show a continual in- 
crease in application. This is true not only if the 
absolute tonnages of steel are considered, but also 
if the percentage of the total steel production i 
taken into account. This tendency is evident if only 
the basic-bessemer bottom-blowing processes are 
considered, and it is still more obvious if the top- 
blowing processes are taken into account 

As to the bottom-blowing processes, it is im- 
portant to notice that the conventional technique 
of blowing with atmospheric air is actually used 
and will still be used by many companies. This fol- 
lows from the fact that the quality of the steel pro- 
duced is perfectly adapted to numerous application 
and that the operating costs are the lowest under 
the economic conditions under which the producing 
plants operate 

The tendency today, however, is to use oxygen- 
enriched air or oxygen-steam mixtures, mainly be- 
t of pig iron and scrap and 
to produce steel 


cause of the relative co 
the necessity for some steel work 
with high cold-ductility properties 
As to the conversion of high-phosphorous hot 
metal by top blowing through the LD-Pompey ot 
the LD-AC processes, the quality of the steel pro- 
duced is equal to that of oxygen-steam or open- 
hearth steels. Thus, the major reason for the ad- 
vance of these processes is one of economics and 
also the possibility of handling 
phorous hot metal and producing steel 
to output by the bottom-blowing converte! 


emi- or low-phos- 
not adapted 
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Notes on 
ALGOMA’S 


LD STEEL PLANT 


The following two papers present operating data 
on the LD. basic oxygen steel plant of the AIl- 
goma Steel Corp. in Canada. The wide variety of 
steels produced by this basic oxygen steel plant 


is of particular interest 


1. Low to High Carbon Steels 


by C. C. Benton 


roduction of steel using the LD, basic oxygen 
proce at Algoma began on November 18th, 
had been proven in the production 


but due to the particular pro- 
necessary, In order to 


1958. The proce 
of low-carbon steel 
duct mix at Algoma 
realize the full productivity of the 
grades that were produced in 


it Was 
basic oxygen 
plant, to produce all 
the open hearth 
Immediately after the commencement of opera- 
tions, practices were e tablished for the production 
if all grades of steel ranging from 0.03 pct max C 
to 1.05 pet C, including some low-alloy grades. Some 
"2 000 tons of medium-and high-carbon steels were 


produced at Algoma in the first 12 months of opera- 


tion. Further refinements in practices for making 
these teels are in progress, and are considered a 
necessit since it our opinion that additional 
knowledge vet to be acquired in the production of 
tee t t! process 


During the blowing period, the flame issuing from 


quite suddenly at 


the mouth of the vessel decreases 
ibout 0.06 pet C, as in the bottom-blown pneumatic 
cm ‘ thu there ! no practical difficulty in 
meeting carbon specifications for low-carbon steels 


Indications of a decrease in the flame at the furnace 
C. C. BENTON is with Algoma Steel Corp. Ltd. at Sault Ste 


Marie, Ontario, Canada. This paper wos presented at the 43rd 
Notional Open Hearth Stee! Conference in April 1960 
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Photo by David Cain 


mouth may be seen as high as 0.25 pet C, and, with 
experience, observation of flame characteristics may 
be used with a considerable amount of success in 
predicting carbon contents up to that level. Above 
0.25 pet C, the relation between flame characteris- 
tics and carbon is imperceptible to visual observa- 
tion 

Methods of producing steels above 0.25 pct C may 
be divided into two categories: 


a) Blow to 0.25 pet C or lower and then recar- 
burize either in the furnace or in the ladle to the de- 
sired level; 

b) Employ some means other than observation of 
the flame to estimate the carbon and thereby blow 


to a carbon level near that of the carbon specified 


The first method has several serious disadvantages, 
among which are excessively long blowing times, 
high oxygen consumption, erratic temperatures, 
and uncertainty of obtaining the carbon content de- 
sired. At Algoma all steels above 0.15 pct C are pro- 
duced by completing the blow within the specified 


carbon range 


The charge 


The metallic charge at Algoma is composed of 
scrap, hot metal, and iron oxide, the latter usually 
in the form of sinter. In a given type of charge, the 
weight of scrap used is constant, and control over 
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bath temperature is exercised by varying the amount 
of iron oxide in accordance with changes in the 
silicon and manganese content of the hot metal. A 
typical hot metal analysis would be: 4.5 pct C, 0.90 
pet Si, 0.038 pct S, 0.180 pct P, and 2.2 pet Mn 
Silicon analysis is reported for each torpedo ladle, 
and there are up to three torpedoes for each blast 
furnace cast 

Other factors influencing the amount of iron oxide 
used for temperature control are the hot metal tem- 
perature and any undue delay before charging the 
furnace. Hot-metal temperatures are measured by 
inserting an immersion thermocouple into the metal 
in the ladle. Operating experience has shown that 
the iron oxide used possesses three times the cooling 
properties of scrap; thus the weight of scrap plus 
three times the weight of oxide may be termed 
scrap equivalent in the charge 

The amount of scrap charged is usually between 
12 pct and 25 pct of the total metallics charged, w hile 
scrap equivalent may be as high as 40 pet. The limi- 
tation of scrap charged is due to operational require- 
ments aimed at minimizing charging time. It has 
been found, however, that, due to the comparatively 
low steel temperatures required and short blowing 
times for high-carbon steel, some difficulty may be 
experienced in obtaining scrap solution unless care- 
ful attention is given to the size and weight of the 
pieces of scrap charged 

As an example of typical charge structure at 
Algoma, in a total metallic charge weight of 246,000 
lb with 1 pet Si in the hot metal, 30,000 lb scrap 
might be used and 18,000 lb of iron oxide by volume, 
with the remainder of the metallics charged as hot 
metal 

It is to be noted that large quantities 
as much as 26,000 lb—of iron oxide are included in 
the charge. The oxides used are of high purity, with 
an avg iron content of 67 pct and an oxygen content 
on the order of 27 pct. On this basis, 2000 Ib iron 
oxide would contain 54 lb oxygen, which, at stp, has 
a volume of 6048 cu ft. Thus, 18,000 lb of iron oxide 
would contain approx 54,400 cu ft of oxygen at 
stp, which is a substantial contribution to the amount 
of oxygen entering the furnace 


sometimes 


Production practices 


Operators of basic oxygen furnaces are well aware 


that bath reactions are affected by the 
characteristics of the oxygen The 
related effects upon rates of bath reactions of fac- 


strongly 
stream inter- 
tors such as; lance-nozzle design, oxygen flow rates, 
bath depth and diameter, and the distance between 
lance nozzle and bath surface, are of great impor- 
tance and are worthy of intensive investigation 
Fundamental studies have not been made at Algoma, 
but sufficient knowledge has been obtained to set up 
practices for each grade above 0.30 pct C. On turning 
the furnace down for sampling, it is possible in the 
majority of cases to obtain an accuracy of + 10 
points of the aimed carbon. It is, thus, possible to 
tap these steels with the use of little or no recar- 
burizer 

Early in the experimental work leading to the 
production of high-carbon steels, it was observed 
that unless measures to the contrary were taken at 
high-carbon levels, the FeO contents of the slags 
were generally low and phosphorus contents of the 
steel tended to be disturbingly high. For similar 


reasons, residual manganese levels would be ex- 


Operating Data on LD, Basic Oxygen Furnaces 


Jan 
Year 1059 lone 


Tons produced 66,724 
Ave heat size 102.5 
Avg heat time }'-03" 
Tons per hr tap-to-tap 83.2 98 8 
Grades produced under 10 ¢ 246,300 28.606 
li to 30 C 248,800 33,135 

31 to 50C 41.900 2.093 

51 C and Over 35,868 2,890 


Charge Composition on LD, Basic Oxygen Furnaces 


Year1950 Jan. 1980 Feb. 1960 


», pet 
Metallics), pet 
tal, pet 
pet 
i b per ingot ton 
Spar, ib per 
Oxygen, cu ft per 


ingot ton 
ingot ton 


This is a 


since an 


pected to be high at high-carbon levels 
matter of importance in our operation 
appreciable portion of high-carbon steels are made 
to a general specification of 0.80 to 0.90 pet C and 
0.20 to 0.45 pet Mn. It should be borne in mind that 
the manganese load entering the furnace 1s high, 
since 83 pct of the charge may contain 2.0 to 3 0 pet 
Mn. As a result, at 0.10 pet C, the manganese con- 
tent of the bath is typically on the order of 0.30 pet 

It has already established that adequate 
basicity in the slag was provided by charging lime 
in the proportion of 2.75 contained CaO to 1 of the 
charged and 


been 


silica derived from the iron oxide 
from oxidation of silicon. It was 
produce reasonably high FeO contents In the slag 
at high-carbon levels to attain good dephosphoriza- 
tion and, if required, low residual manganese levels 
It was essential, therefore, to take slag condition into 
consideration in developing practice 
Experience has shown that increasing 
levels may, nevertheless, be accompanied by a slight 
increase in phosphorus levels. Our results show an 
avg phosphorus for steels under 0.30 pet C to be 
0.10 pet; for steels between 0.30 and 0.50 pet A 
0.012 pet; and over 0.50 pet C, 0.016 pet P 
Algoma’s steelmaking methods, however, do not 
differ in essentials from those employed in other 
plants. Scrap, iron oxide, and hot metal are charged, 
and the oxygen blowing begins. Lime i added and 
blowing continued until the desired steel analysi 
is obtained. Steel temperatures are measured by 
immersion thermocouple. Samples of steel are taken 
for carbon and manganese, and a slag pancake is 


also necessary to 


for each grade 
carbon 


poured for visual estimation of FeO 

With the exception of copper, nickel, and molyb- 
denum, which are added to the furnace at charge, 
no ferroalloys, such as silico-manganese, ferrosilicon 
and ferromanganese, are added to the furnace. All 
alloving additions, except copper, nickel, and molyb- 
denum, are made to the ladle during tapping. Re- 
carburizing agents, such as petroleum coke, are 
added to the ladle, if required. The avg amount of 
recarburizing agent required for above 0.30 
pet carbon is 1.7 lb contained carbon per ton of steel 


steel 


Conclusion 


Operation of LD, basic oxygen furnaces at A 
goma since November 1958 has effectively den 
strated some of the flexibility of the LD p: 
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with respect to grades of steel that can be produced 
All ra made by the open-hearth proce at 
Algoma at also made y the basic oxygen process 


Steels within the ranges of 0.03 to 1.05 pet C, 0.15 
to 1.65 pet Mn, up to 1.65 pct Ni, 0.24 pct Mo, 0 50 
: pet Cu, and 1.10 pet Cr, and including resulfurized 


and rephosphorized grades, have been produced on 
a routine basi 

The grades of steel produced include rimmed 

emi-killed, and fully-killed, fine-grained steels for 

ipsetting application In all 

the steel has been found to be 


equal to or than open-hearth steel of the 


ame grade 


2. 


Experience 


with 


Furnace Linings 


by F. C. Muttitt 


teelmaking plant con- 
60-metru eccentric-cone furnace 
-shell diam of 16 ft 1 in., and an over- 

> ft 
ginning of operations in November 
; l he end of February 1960, 49 lining cam- 
ompleted. During this period a large 
e nber o ariables were introduced, any of which 
\ificant effect on lining perfor- 
variables were 1) rate of 
om four heats per day in the 
ent rate of up to 24 heats per 
which began at 75 tons, and in 
exceeded 100 ton 3) oxygen 
lesign; 4) charge composition 


material, and design and thick- 


ick of uniformity in conditions, 
with the number of linings 
reliable comparisons of 

ng material, or by design 


rather, to describe our 
F.C. MUTTITT is with Algoma Stee! Corp. Ltd at Soult Ste 


Marie, Ontario, Conodo This paper was presented at the 43rd 
National Open Hearth Steel Conference in April 1960 
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experience to date, and to express some of our 
present thoughts regarding the most desirable lining 


features for our conditions 


Original design 

As originally designed, the furnaces were equipped 
with burned magnesite tank linings of 18-in 
thickness in the bottom and 4'2-in. thickness in the 
evlindrical barrel section. No tank lining was pro- 
vided in the hemispherically-shaped cone section 
Later modifications to the tank lining have included 
removal of the upper 9-in. course of the bottom, in 
order to provide additional furnace working volume, 
and extension of the 4'-in. lining through the cone 
ection. Since working linings are removed with 
water, tank lining repairs and replacements are 
made with hydration-resistant, low-iron magnesite 
brick 

In general, owing to the necessity for steelwork 
repairs, the upper 3 to 5 ft of the cone tank lining 
is replaced on each reline. Barrel section tank linings 
are patched periodically, totalling to date some 60 
pet of the original count. No repairs have been re- 
quired to the bottom tank linings 

The original working lining consisted of a 16-in 
bottom, barrel section of 18-in. brick backed up 
with a 4-in. rammed layer, and cone section of 16- 
in. brick with the same 4-in. rammed layer. These 
early linings were all of the conventional tar- 
dolomite-magnesite type, containing approximately 
58 pet MgO. Five linings of this composition and 
design were installed and provided an avg life of 
175 heats. with a lining material consumption of 
17 Ib per net ton. During this period, heat size 
averaged 85 tons, oxygen flow rate was 5000 cfm, 
and production was at the rite of 12 heats per day 


Modifications 

Failure of these linings in every case occurred in 
the cone section, and attempts to prolong service 
through hot patching met with little success. As a 
result, on the subsequent eleven linings, the rammed 
backup was eliminated in the cone section, the tank 
lining was extended to the full height of the furnace, 
and the working lining thickness in this area was 
increased to 22 in. and later to 24 in. At roughly the 
same time as these modifications to lining design 
were made, other operational changes occurred 
which tended to cloud the results. Heat size was 
increased to 98 tons and oxygen flow rate to 6000 
cfm, while production rate during this period aver- 
aged 18 heats per day. However, it was apparent 
that the critical wear area was now located in the 
belly of the furnace—the area below the tap-hole 
which on the Algoma furnaces is the point of scrap 
and hot metal impact during charging. The average 
life of this »s of linings was 168 heats, with a 
consumption rate of 18 lb per net ton 

The next development of a 
balanced lining involved the installation of an in- 
creased lining thickness in the belly zone. This 
pilaster extended for one-third of the furnace cir- 
cumference centered on the tap-hole, and from the 
furnace bottom to tap-hole level. Rammed backup 
was eliminated in this section, and brick thickness 
increased to 24 in. The remaining two-thirds of the 
barrel was unaltered at 18 in. of brick with 4 in 
rammed backup. Since the cone appeared no longer 
to be a severe wear area, and since gun maintenance 
had been developed to the point where service on this 
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area could be appreciably prolonged if nec 
the thickne of the cone 


in. with no rammed backup 


lining wa reduced 


Storage problems 

This general arrangement of lining design wa 
continued over the course of some 30 campaigns, 
extending through the ummer and fall of 1959 
During thi stable operating 
condition further! 
to a maximum of 24 heats per day) and using this 
harp re- 


pel iod of relatively 


(production rate a increased 
uniform lining design, we experienced a 
duction in lining life, to 150 heats and 20 lb per net 
ton in June and July, and to 127 heats and 24 Ib 
per net ton in August and September. While a good 
many trial compositions were tested in this period, 
the drop in performance applied equally to the reg- 

leading us to suspect 
a result of hydra- 


ular brands and composition 
a deterioration in brick quality a 
tion during the warm and humid monti 


of the rapid turnover of linings during full operation, 


In view 
and our relatively remote location in relation to the 
of supply it 
without encountering occasional prolonged 
olution would, of course, 


ource difficult to ensure an adequate 


supply 
torage time The obviou 
be a hydration-f! composition c¢ mparable to the 
present materials in terms of performance and cost, 
and certainly me progre is being made in the 
development of such a product; otherwise some type 
of controlled-atmosphere I » may have to be 
provided 

Also during the period under discussion we under- 
took a 
alternate composition 
thickne and design unchanged 
these were several linings of stabilized dolomits 
magnesite, largely 
shipping and e problem, did not equal 


lower-silica 


number of plit-lining trial involvins 


while leaving the lining 


Included among 


which, while eliminating the 


torag the 


performance composition 
dolomite with magnesite fines. The presence 
to 2.5 pet Mn in our hot metal would be expected 


to contribute to the more rapid erosion of such high- 


silica composition 


involved the use of 


A second series of split trial 
the same stabilized dolomitic magnesite, with and 
without added carbon. These tests indicated some 
advantage in the addition of graphitic carbon, al- 
though the optimum carbon content, beyond which 


mechanical strength is sacrificed, was not established 
Further full hi ri of the most 
added-carbon compositions are planned 


promising 


Following the period of poor lining performance 
in the summer and fall of 1959, service began to im- 
prove gradually, reaching an average of 153 
and 19 lb per ton in December improven 

oul 


was made 
November hea ze wa ncreased to 103 
oxygen flow 6000 cfm to 6500-7200 


pending on lance 


The present lining 
As lining life 


if the pilaster con 1 had 


improved apparent that 
largel' 
lure n tl l] ction. The area 
o'clock 

tions at trunnion ring level (the 
regarded as the 6 


<i at the 


taphole being 


o'clock position), and almost all linings in this period 
were removed, owing to failure at these locations 
While it had been possible, through gun main- 
tenance. to extend the life of the cone or belly sec- 
tions. we were unsuccessful in our efforts to hot 
patch these trunnion areas Consequently, a further 
modification in lining design was made, involving 
the elimination of the 18-in. brick, the 4-in. rammec 
portion of the barrel lining, and the replacement 
with 24-in. brick throughout. Thus, our working 
lining became, and remains at this date, an all-brick 
construction, with 16-in. thickness in the bottom, 
24-in. in the barrel, and 18-in. in the cone. Two 
key shapes in each brick length are required, a 
total of six shapes, and working-lining weight is 
approximately 155 tons. The only rammed material 
used is that required to level off sidewalls after 
installation of the bottom, and to install the spiral 
starter on which the side lining ts constructed. We 
have seen little or no evidence of the advantage of 
the rammed layer in providing tighter linings, while 
its use appreciably prolongs installation time. More- 
over. we believe the service obtainable on the 
rammed material is very much less than that on an 
equivalent thickness of added brick 

Lining life in January, using this design, avgd 
87 heats and 17 Ib per ton, and in February 182 
heats and 17 Ib per ton 


Burn-in procedure 
lining damage has frequently 
helling during burn- 


Some degree of 
been encountered as a result of 
in. In the regular burn-in procedure; 1200 to 1500 
ib of hot coke is distributed over the bottom, the 
lance lowered to the 15 ft level, and oxygen intro- 
duced at a pressure of 5 psi. The pressure is varied 
to maintain a rate of temperature rise of 100°F per 
min, as registered by a thermocouple through the 
taphole on a high-speed recorder. A wide variation 
from one lining to another has been noted on the 
peed and violence of the tar ignition, and thus on 
the oxygen pressure required to maintain the rate 
of temperature rise. In our early procedure, after 
a temperature of 2000°F was reached, the furnace 
was held at or above this level for 2 hr before 
and much of the shelling, which usually 
layer over most of the 
lining, occurred during this holding period. Present 
practice is to hold temperature at the 2000°F plu 
level for 10 to 15 min before charging, resulting in 
a total time from oxygen on to tap first heat of 80 
to 90 min. This procedure has had no damaging 
effect on lining condition 


charging; 
amounted to al or 2-in 


Conclusions 

While we do not believe we have reached the ulti- 
mate in lining design for minimum lining cost per 
ton, the present lining appears to provide reasonably 
well-balanced wear under Algoma’s operating con- 
ditions. while removing much of the danger of lining 
failure before the alternate furnace is ready for 
In certain cases where extensive repairs 
to furnace steelwork are required, an elapsed time 
of five days or more may be required to complete 
removal and replacement of lining and burning in 
As a result, a restriction is placed on the extent t 
which the lining thickness may be reduced in 

to improve consumption figures, while 

providing a reasonable safety factor in furnace : 
ability 


operation 
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SOVIET 


appearing in Metallurg 1959 (No. 11) 


he converter plant at the Krvioi Rog iron and 
T teel works is planned for top-blowing pig-iron 
with pure oxygen through a special water-cooled 
have a volume of 1554-cu- 
internal diam, 11 


lance. The two converte! 
ft with the following dimensions 


ft 6 in.; height from bottom to lower lip of mouth, 
17 ft 6 in.: internal diam of mouth, 6 ft: overall 
thickness of lining, 18 to 20 in. The lining is com- 


pleted in magnesite-chromite brickwork 
Hot metal is poured into the converter 

ladle placed on a transfer car (Fig. 1). Delivery 

and pouring of the metal into the vessel is done by 


from a 


remote control 

In the shop, two 1300-ton mixers are installed 
There are two hot-metal cranes of 130-ton capacity 
and a machine to fettle slag in the ladles. There is 
also a device for the recovery of graphite, liberated 
during the pouring of the hot metal from the mixer 
and during the ladle fettling 


Materials handling 


Ore, limestone, bauxite, and ferromanganese are 
kept in a covered stockyard, equipped with two 10- 
ton magnetic grab cranes of 53-cu-ft capacity. Ore 
and bauxite are moved by the grab crane through an 
intermediate 920-cu-ft bunker into skips of 70-cu-ft 
capacity and delivered by electric locomotives 

The limestone is transferred to the lime-burning 
hop where there are four gas-fired shaft kilns of 
about 5000-cu-ft capacity. The gases from the lime 
kilns pass through a gas-cleaning plant and are dis- 
charged through a stack into the atmosphere. In 
order to avoid undue breakage of the screened lime, 
it loaded into 123-cu-ft skips and transported by 
flat-platform railway trucks. At another point the 

kips are transferred either to a special platform o1 
directly to the converters by a 20-ton capacity elec- 
tric locomotive 
Between the two converters is installed a 5-ton 
bridge crane, which takes the skips from the electric 
locomotive and discharges them into bunkers located 
at a level of 74 ft. Each converter has three bunkers, 
one of 530-cu-ft capacity for ore, one of 780-cu-ft 


for lime, and one of 530-cu-ft for bauxite. Under 


the bunkers are belt feeders, which deliver the 
necessary quantity of material into a weighing hop- 
per for weights up to 5 tons. This hopper has a 


mechanized closure, but when this is opened the 
mate! passes down a chute directly into the con- 
verter 

After the solid material 
lime, and 0.8 to 1.0 pct bauxite 
charged, and the hot metal has been poured into the 


4.5 pet ore, 8 to 9 pet 
have been 
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LD STEEL INSTALLATION 


Through the courtesy of the Iron and Coal Trades Review, London, comes 
this translation of an article by S. G. Afanas’ev and G. N. Kozin originally 
Described is a top-blown 
bessemer plant at the Krivoi Rog steel works in the Soviet Union 


basic- 


converter, it is raised into the vertical position. The 
lance is then lowered into the mouth of the vessel 
at a rate of 10 to 20 in. per sec. At the same time, 
oxygen is turned on, with consumption being about 
2120-cu-ft per ton of steel. The supply line pressure 
is 8 to 12 atm. Water for cooling the lance is deliv- 
ered at a pressure of 7 atm and at the rate of 12,500 
to 15,500 gal per hr. Close to the converter on the 
oxygen delivery line, two valves are installed: one 
cut-off and one control valve 


Waste gas treatment 


At a distance of 20 in. from the mouth of the con- 
verter is a water-cooled, waste-gas cooling element, 
about 9 ft in diam and 24 ft long, for the removal of 
the liberated gases. This hood can be withdrawn 
from the mouth of the converter by means of a 
special mechanism. The consumption of water in 
the cooling element is between 62,000 and 87,000 gal 
per hr at a pressure of 3 atm. The internal diameter 
of the gas extraction pipe is about 12 ft. At its top 
end, the gases are diverted into the cooling section of 
the stack, where sprayed water cools them to be- 
tween 80° and 100°C. Then they pass into a 16.5-ft 
diam, 65-ft high scrubber without baffles. Next they 
enter venturi tubes with a drop in pressure equal to 
a 16-ft water column and pass into a cyclone of 
about 12 ft diam 

After a cleaning, the gases are discharged by a 
flue-gas exhaust fan into a stack just over 200 ft 
high. The dust content is about 0.057 grains per cu 
ft whereas their initial contamination with dust is 
about 24 g per cu ft. The output of the flue-gas 
exhauster is 2,648,000-cu-ft per hr, the pull being 
equivalent to 47 in. of water column, The capacity 
of the motor is 500 kva. The temperature of the 
gases in the flue-gas exhauster is 35°C. Each con- 
verter is equipped with a gas-cleaning plant 


Melting and casting 

Charging of each converter is completely mech- 
anized, while tilting the converter, lowering and 
raising the lance, and also the operation of the gas- 
cleaning plant are inter-locked, and controlled by 
an operator. The whole system of interlock and 
regulation of the delivery of oxygen and water is 
equipped with a control and measuring device, which 
not only indicates, but also signals any reduction in 
the quality of the oxygen and loss of water pressure 
On one of the converters the installation of a waste- 
heat boiler and an electro-static gas-cleaning plant 
is planned 

In the casting bay there are three railway tracks; 
on two of these are located four casting platforms 


“ 
{ 
i 
pe 
¥ 
‘ 
et 
a 
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Ss The top-blown oxygen steel 
# plant at Krivoi Rog. Num 
bers refer to the following 
1, hot-metal transfer ladie; 


2, mixer; 3 solid materials 
stockyard; 4, 5-ton bridge 
crane; 5, bins for ore, boux 
ite, and limestone; 6, water 
cooled gas-cooling element, 
and 7, scrubber without 
boftles 


with stands for casting the metal. The bay is equip- During the production of low-carbon rimming 


ped with four casting cranes of 75-ton capacity steel, the melt may be conducted without inter- | 
Metal from the converter is poured into a steel- mediate tapping of the slag. But in the production | 
casting ladle, seated on an electrically driven car, of killed steels, after a blow of 7 min, the slag i: 
the movement of the car being controlled from a tapped, and limestone is added for the second time 
pulpit located under the working platform. The After this, the blow is continued until the necessary 
‘ casting cranes deliver the ladles of metal to the carbon content is reached 
j casting stands, and by means of a shunting engine In the converter shop at Krivoi Rog steelworks 
: the ingot mold cars are placed below the ladle. Slag carbon steels are produced with an average nitrogen 
from the converters is tapped into 388-cu-ft ladles content of 0.006 pct 


The slag ladle car is connected by an automatic link 
with the steel ladle car. Ladles filled with slag pass 


Miscellaneous operations 


into the slag section, which is located in the vicinity At the end of the converter section are located 
of the main body of the converter building pecial stands for knocking out converter linings 
for fitting new ones, and for drying. The delivery of 
: Steelmaking technique brick and mortar is mechanized, while drying is 
3 artifical. The converter vessel is transferred to the 
Hot metal of the following composition is used stand for repairs and back again by a bridge crane 
for blowing: 0.5 to 0.8 pet Si, 1.0 to 1.4 pet Mn, max of 150 ton capacity. This organization of refits at 
0.055 pet S, and max 0.12 pct P a point remote from the converters in operation 
After the hot metal is poured into it, the converter made it possible to increase the output of the shop by 
is placed in the vertical position, ore and limestone about 25 pct, and create favorable conditions both 
being charged along inclined chutes. The quantity for the work of refitting and for the operation of the 
of ore is determined from a calculation aimed at converters 
a final metal temperature of not more than 1630°C In the casting bay there are installed two com- 
The quantity of ore and limestone is found from the partment kilns for drying the stoppers, and stands 
data given in Table I. For every 220 Ib of ore charged, for fitting pouring nozzles and stoppers to the ladles 
it is necessary to add a further 110 lb of limestone The kilns and stands are served by two 2.5-ton 
above the indicated quantity for slagging the silicon cantilever cranes 
in the ore On completion of casting and after a certain hold- 
The metal is blown through a lance with a nozzle ing period, the cars with the ingots are moved from 
of 2%2 in. diam. The oxygen consumption amounts the casting bay into the ingot stripping section, 
to between 4250 and 4700-cu-ft per min, the pres- equipped with two bridge-type stripper cranes of 
sure being 6 to 8 atm 25 ton capacity and a knock-out ram exerting a 


pressure up to 175 tons 
Ingot molds are cleaned with water from jet 
Table |. Converter Additions at Krivoi Rog ‘prays, two molds at a time, at a pressure of 70 atm. 


and transferred into the section where a stationar,s 


Si content of hot metal, pet 04 O5 06 0.7 08 09 machine for mold coating ji installed The ingot 
mold yard, equipped with four cranes of 20-1 

Quantity of ore ib 40 1700 4000 4300 4800 5000 } atf 

off ae capacity, has four platforms for preparing the « 


and also has three rail tracks 
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This is a survey of techniques use 
smoke produced by the LD, ba 
into American 
of the Eisenhiitte Osterreich 
issue of Stahl und, Eisen. 


which was publi 


fter substantial research and development work 
fread over a period of years, it appears that 
olution to the probl m ot 
LD, basi 
found. The 


ince 1 


a feasible and economic 
controlling brown fume 
teelmaking 
economic aspect hould be 
onlv by making use of both the waste heat contained 
them- 


produced by the 


oxvgen proce has been 


emphasize d, 


recovered particle 


problem wa 


well as the 
elves. than an economic solution to thi 
reached for European work 

finene of the 
le than 0.8 », and the 
ubstantial portion o 


in such gas, a 


The extraordinary particle 


brown fume—80 pct 
mainder 0.1 0.3 », with a 
size—and the high exit gas 
present difficulties in fume con- 


‘ 


millimicron temperature 


1700° to 1800°C 
trol which fully justified the 
described 

Table I lists LD 


tion and under construction, along 


research efforts herein 


presently in opera- 
type 


teel plant 
with the 


of dust collectors installed at each 


Donowitz 


At Donawitz. eight different dust collection sy 
tems wel ried in a series of 509 different experi- 


ment ind the electrostatic method was found to be 


of the drv methods. Results are summarized 


Il 
t established must 


i bee n cooled 


800°C down 


that method 
l 


h would provide heat. in an 
" rate of 17 million ke: 
pel 1 wast at boiler. It was found, however! 
that wit ily one L onverter in service, a surg 
in steam productio 00 lace during blowing 
an accumulator had t installed in the system 


Total power consumption per metric ton of oxygen 
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ic oxygen steelmaking process 
this article has been abstracted from a report of a meeting 
shed in the November 1959 


od for the removal of dust from the brown 


Translated 


teel. including power for the oxygen plant, cranes, 
about 150,000 kcal. Heat 
realized from the waste heat boiler amounted to 
230,000 keal per ton, which left a balance of 80,000 
which could be used for auxiliary power gener- 


etc wa found to be 


kcal 
ation 

Even though the installation at 
with correspondingly higher costs of con- 
truction. it was found that credits for power, steam, 
and reclaimed dust, and 10 pct amortization per yea! 
small from the dust 


Donawitz was a 


pionee! 


ictually produced a income 
ion system 

hown in Table II, the Lurgi electrostatic pre- 
cleanest gas in the experi- 


illustrates this in- 


produced the 
at Donawitz: Fig 


ipitator 


tallation 
In planning this installation, it was first necessary 
find the best method of cooling the gas to 150°C, 
temperature of gas entering 
hown in Table III, there are 
methods of doing this, and the most 
from an economic point of view, uses the 


lume of water for cooling a given volume of 
can be seen, the waste heat boiler is most 
cools the fume only to 350°C, an 
needed to make the final drop 
achieved by regulating the 
water according to the temperature 
. computed on the basis of complete 

the spray wate! 
ine iron oxide powder collected 
1e preci r. which amounts to % metric ton 
r, is col d in paper bags which are charged 
converte! the hot metal. This is 
avoid building up a circulating load of fines 


before 
done 


tinued on page 557) 


(Con 


a 
4 
it 
‘ 
a 
- 
; 
lea 
A 
the be ta 
Fable am 
It wa 
u exit eval 
A 
pe 
= 


Abhitrenesse/ ] Trocwen- 


- Sauerstofy-Lanze 


Fig. 1—(above) Dust removol -Monverter 
unit at Osterreichisch-Alpine 
Montengeselischaft, Donowitz, 
Austria. Fig. 2—Bochumer Ver- 
ein’s dust removal unit, waste- 
heat boiler and slime treatment 
plant at Bochum, Germany. Let- 
ter indications are as follows: a, "Sou Zug 
saturotor; b, venturi; c, sepore- Dampftromme!/ geblise 
tor; d, pre-seporator; e, lime- 

milk agitator; condensote 

tank; g, feed-water tank. From pmeed 
Stahi und Eisen, no. 23, 1959. | Regelstation 


hesse/ 


Kondensationsanlage 


>» > 


Trommeifilter 


Eindicker 


Abnitzekesse! 


nafmechanische 
Entstaubung 


Fig. 3—Wet electrostatic pre- 
cipitator installed at the VOEST 
plent in Linz, Austric. From 
Stohi und Eisen, no. 23, 1959. 


traf’ 
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Table |. Dust Separation in LD Steel Plants 


No /Capacity 
Name and Lecation of Converters Type of Dust Separation 


waste heat boiler 


Table IV. Operating Results of the Dry Lurg: Electrofilter 


in Donawitz 


Table I. Preliminary Experiments in Donowitz 


Neo Ave 
Dust Content 


of Exper Gas 
per cam 


System riments um 


Theisen, small washer 
Theisen, big washer 
Pease-Antheny washer 
Flashed water 
Coke filter 
Slag wool 
Rierbauer’” magnetic filter 
Electromagnetic filter ( 
Lurel dry electrofilter t y 

steel 


a9 


Power consumption 


kwh/t kwh/loooN 
cum, dry 


Electrofilter 
Complete installation inec!. fans) 
Water consumption: appre. ke 


charge 


Table Ill. Flue Gas Amounts, Water Consumption and Required Cleaning From a 30-Ton 


Oxygen Converter With Different Methods ot Gas Cooling 


Dust Required pet 
Cleaning for 
im 

op. temp filter 


Water Content Size of 
Consumption g/cam Electro 


Ameunt of Gas After Evape 
ke/charee op. temp 


Methed of Pre-ceoling N cu m/min ration Cooling 


Waste heat beiler te we 


Water cooled stack, te 


Increased excess air 
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wt erter 1 wet separation with 
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nverter we eparation 
Conver ration with waste heat boiler, Type Waagner Biro 
> W et epa ‘ v 
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0.23 0.40 
0 62 1.20 
‘ 
cum 
owe min 
4 1 
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1188 4 994 
Qe 
‘ 
tec with 4 t B gt 2 
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It should be noted that the powder is also useful a 
a scavenger in gas desulfurization operations, and 
interest has been shown by the dye and ceramic 
industries for other possible uses 

3ased on present conditions, overall operating 


statistics for gas cleaning are given in Table IV. The 


precipitator shows almost no draft loss, and the 
fan power is low, amounting to only 0.39 kw-hr pet 
metric ton of steel 


Bochumer Verein 


The new plant of Bochumer Verein in Hontrop 
includes two 35-ton LD vessels and a 70-ton electri 
furnace. A stack 8.4 m wide and 39 m high provides 
exhaust for this shop 

The dust cleaning equipment was patterned afte! 
that found in the DOFASCO and McLouth plants in 
Canada and the US. In both locations, wet cleaning 
is practiced, Dominion using a Pease-Anthony ven- 
turi washer and McLouth a disintegrator. Each of 
these systems uses a great quantity of water whicl 
is discharged into the lake. At Héntrop, only the 
aturator. venturi nozzle, and separator from the 
Pease-Anthony unit were adopted, so as not to over- 
load existing water-treatment facilities 

A 520-kw fan producing a 1200-mm wg vacuum 
sucks the effluent gases from the converter and 
through a waste-heat boiler and a wet cleane! 
Steam from the boiler is not used at present, since 
production is discontinuous and there ts no steam 
consumption at Héntrope. A condenser 1s employed, 
and the water is pumped back into the boiler. The 
condenser will eventually become part of a powe! 
plant. Gas enters the saturator at 700° to 900°C 
depending on whether scrap or ore is used for cooling 
in the heat: the gas is cooled to 80°C and fed into 
the venturi nozzle 

The gas flows through the venturi nozzle with a 
velocity of 100 m per sec at the smallest cross sec- 
tion, where high-pressure water is sprayed in 
through a jet carburator at right angles to the flow 
The cleaned gas leaves the stack at approx 70 C 
and carries only 150 mg of dust per cu m Wate! 
consumption is 0.2 cu m per metric ton of crude st e) 

Particles in the flue gas as it leaves the converte! 
are 90 pct —0.6 mm. The larger fraction, made up 
mostly of particles of slag and fluxing additive 
is caught in the saturator, along with some smaller: 
particles. The remainder of the particles are s¢ rubbed 
out in the venturi unit 

The water treatment plant was developed afte! 
extensive experiments and is shown in Fig. 2. Sludge 
from the saturator is mixed with the dust-laden 
water from the venturi, as the former carries most 
of the coarse particles which are necessary for prope! 
filter operation. All of the water first goes to settling 
tanks where milk of lime is added. The thickened 
mud is then filtered in cell-less trumpet filter. The 
filter cake contains approx 30 pct moisture, and 
on a dry basis 50 pct iron and 10 pct lime. All re- 
covered dust and the filter cake are recycled directly 
to the blast-furnace ore bunker, without sintering 

In a 35-ton heat, about 800 kg of thick mud 
produced, which corresponds to 560 kg dry dust, and 
this contains 280 kg of iron, which amounts to 8 pct 
of the charge. Sludge entering the settling tank 
carries 6 to 10 kg of solids per cu m of water, while 
liquid flowing out contains only 0.3 to 0.8 kg per cu 
m. This is decreased by further settling in the pump 


ump to 0.1 to 0.2 kg per cu m Filtrate from the 
suction filter contains only 0.05 kg per cu m of 
watel 

Dust separation costs are very high at this plant, 
as steam consumption negligible. However, with 
the erection of a power plant, it Is expec ted that the 
dust separation operations will at least break even 
and should show a small profit. Experience with the 
present system to date ha fully proved the reliabil- 


ity of this process 


Linz and ljmuiden 

The first dust collecting system installed at Linz, 
Austria. included a waste heat boiler, but gave only 
36 pct collecting efficiency. This was improved by 
admitting the exit gas through slotted rings into 
turbulence pipes where wate! entered through spray 
rings. From here, the gus wa ucked into cyclones, 
and efficiency of the system jumped to 96.4 pct 
Draft loss of the system was 550 mm wé Dust 
eparation was calculated a 28 g per cu m. Later, 
a wet electrostatic precipitator shown in Fig. 3 wa 
installed to replace the cyclones, and it achieved 
an efficiency of 99.7 pet. This unit proce sed 13,300 
cu m of gas per charge, and from gas containing 
350 kg of dust per converter charge only 1.1 kg of 
dust was ejected from the stack 

With regard to the waste heat boiler installation 
several years experience has shown that the new 
type of high-pressure boilers gene rally are not any 
more sensitive to this type of service than the con- 
ventional low-pressure unit To avoid lag ac- 
cumulation on the boiler surfaces, it Is necessar) 
to provide at least 7 to 8 m distance between the 
converter outlet and slag screen, Through the choice 
of suitable soot-blowers, the boiler cleaning problem 
can be solved. In more than 20,000 hi of service, a 
high-pressure unit with 71 kg per sq cm pressure 
and 530°C operating temperature gave a perfectly 
reliable load and service record 

At the Ijmuiden plant in the Netherlands, which 
presently has two 70-ton converter and operate 
on a 25 min blowing cycle, a total of 126,000 
(normal) cu m of waste gas is produced per hr; this 
corresponds to 300,000 cu m at exit temperature 
This gas is thoroughly cleaned by a Pease-Anthony 
venturi scrubber so as not to harm the adjoining 
flower fields. Water consumption | 
charge or 350 kg per metric ton of iron in the charge, 
and the gas leaving the stack contains only 110 mg 
of dust per cu m 

tecovery of iron values through treatment of the 
waste water at Ijmuiden amounts to 1.8 pct Fe,O and 
approx 3 pet CaO, based on charge weight Filter 
cake collected at the filter outlet is mixed with 
approx 10 pet CaO, yielding a partly pelletized 
material that is particularly well suited to sintering 


25 cu m per 


Over 800 tons of this material | ent each month 


to the sinter plant 


Conclusions 


The problem of waste heat recovery and dust re- 
moval from the Kaldo and the Rotor basic oxygen 
steelmaking processes is much less important than 
for the LD process, because of the relatively greater 
amount of coarse dust particles. This makes possibl: 
the utlization of conventional dry precipitat 
methods. Nevertheless, the installations discu i 
in this article have provided an efficient and 


nomic treatment of brown fume from the LD} f 
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METALLURGICAL CHARACTERISTICS 
OF THE KALDO PROCESS 


This paper discusse 
plied to high-phosphorous hot metal operation 
experience in the treatment of other types 
detail with much neu 


proce 


the metallurgy of the Kaldo process as normally ap- 
at Domnarvet 
of hot metal is discussed in some 
information brought to light on this aspect of the 


In addition, 


by Bo Kalling, Folke Johansson, and Erik Bengtsson 


he Kaldo process’ * has been in commercial use at 
Beene Sweden, since 1956, and more than 
300,000 tons of ingots have been produced. Phos- 
phorous-rich hot metal ha fully refined 
in a 30-ton furnace, and the operating practice Is 
kind of pig iron In 
been made 


been succes 


now well-established for thi 
addition, quite a number of heats have 
from medium- and low-phosphorous hot metal. As 
most of the carbon monoxide developed in the bath 
is burnt to carbon dioxide inside the rotating vessel, 
excellent and large amounts of 
feeding 


the heat economy | 
crap or iron ore can be melted. Continuou 
of ore, which will be used in the future, gives a more 
uniform reaction and improves the heat economy 
Due to rotation, proce control is very accurate, and 


chemical analysis and tapping temperature can be 


Iron losses in slag and fumes 


kept within close limit 
local metal temperature in the Kaldo 


between 


are low, The 
proce at the spot where primary reaction 
oxygen and iron take place | comparatively low, and 
the main part of the dust is of 3 to 20 » size Nitro- 
mall, even with oxygen of 


gen pick-up is extremely 


) pet purity. Desulfurization is very effective, and 


lowering the rotation speed of the furnace, the 
iron content of the lag can be increased in order to 
accelerate dephosphorization, which is especially im- 
phorous-rich iron to a 


portant when refining phe 


high-carbon steel with low-phosphorous content 


High-phosphorous hot metal 


In Domnarvet, an ordinary basic-bessemer hot 
metal of the following analysis is normally used: 3.1 
o 3.7 pet C, 0.2 to 0.4 pet Si, 0.6 to 0.9 pet Mn, 1 
to 2.0 pet P, and 0.035 to 0.80 pct S. The furnace is 


rged with 28 to 33 metric tons of pig iron, and 


rme! and cooling agents are then added in 
100 to 130 kg per ton pig iron) 
(120 to 150 kg per ton pig iron) after which 
ing is started. The course of a heat is shown 


where 


of fine lime 


the change in the analysis of the 
bath 1 hown as a function of oxygen con- 
Interruptions in the refining must be made 
to take bomb 


is rn The diagram also shows 


amples before a liquid slag 
the exhaust-gas 
temperatu! ured at a certain location in the 
exhaust main. After interruption for sampling, 
there is a short lag before the temperature re- 


sumed its original level 
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1—Typical Domnarvet heot with early dephosphorization 


2—Heat with late dephosphorization—satistactory for the 
production of low-carbon steels 


BO KALLING, FOLKE JOHANSSON, and ERIK BENGTSSON are 
associated with Stora Kopparbergs Bergslags A/B at Domnorvet, 
Sweden. This paper was presented at the 1960 AIME Annual 
Meeting 
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Fig. 3 (left)—Iron content of first slag when 


—Same, grouped according to steel temperature. Fig. 5 (right 


First blow: During the first blowing minutes, the 
ilicon and a considerable part 0 I 
the hot metal ts oxidized, while carbon and pho 

phorus oxidation proceed relatively slowly. The ex- 
temperature during thi 
100°C at the measuring point When the main portion 
of the silicon has been oxidized, the carbon boil start 

and the exhaust rapidly on 
account of the increa ed ga During the 
carbon refining, there is a simultaneous phosphoru 
oxidation, With a relatively high- ilicon content In 
' the hot metal, and consequently more lag, the boil 
ie s quiet and the mea ured exhaust-gas temperature 


l 
When using hot metal wit! low 


under 300°C 
bid content and charging ore at the beginning, there 
bo ling re- 


more 


f the manganese ol 


period about 


haust-ga 


temperature increase 


volume 


iheon 


a more violent and pontaneou 
action, By 


furnace and 


towards the bath, it 


peed of the 
flatter angl 
boil- 


decreasing the rotational 
blowing the oxygen at a 


pos ible to moderate the 


hs ing reaction to a great extent A moderate boil with 
F a low and even exhaust-gas tempt rature is desirable, 
because it gives a con iderably higher heat yield 
through a more complete combustion of carbon 
monoxide to carbon dioxide inside the furnace 
When using scrap for cooling, a uniform boiling re- 
3 action is generally obtained with low exhaust-ga 
temperatures 
It is interesting to note, that con iderable de- 
oe phosphorization occurs during the entire boil, al- 
5 though the slag melts only towards the end. The 
quieter the boil. the greater is the extent of thi 
dephosphorization 
ate Additional manganese |} oxidized during the first 
part of the carbon oxidation, but the manganest 
; content then remains constant when the carbon 
reaction reaches its maximum 
With higher temperature in the heat, the reac- 
tivity of the lime increases and the speed of de- 
phosphorization increast during the final phase ot 
2 the boil; this characterized by a noticeable de- 
crease in the exhaust-gas temperature During thi 
period, the slag begins to melt and more and mor¢ 
; of the lime is used for slag formation This change 
from an unmelted to a liquid slag also make tself 
known through an increase in the load on the driv- 
. ing motors for the furnace rotation, probably be- 


refining hot metal with 1.85 pct P; grouped acc 
Same, grouped according to carbon content o 


cause the 


, reture 


| | 


> | 

4 

. 


= 


, 6866 
e in 


ording to CaO excess in slag Fig. 4 (center) 
steel 


has a tendency to stick 
With the 
rapid 


half-melted slag 
wall and be lifted up by it 
there 1s a very 


to the furnace 
complete melting of the lag, 
40 to 50 pet in the motor load to a value 
lag. This usually occurs at a 
content of about 0.5 pet Up to this 

a noticeable reversion of manganese, 


decrease of 


icteristic of liquid 


chats 


p! pi orou 


point, there 1 
which is a well-known phenomenon also in the 
basic-bessemer proce This reaction of manganese 


reaches Maximum at a low tron content of the slag 
After this characteristic phase, the dephosphoriza- 
usually completed after further injection of 
ton of hot metal After all the 
e again begins to ox!- 


tion 
7 to 8 N cu m O, pel 
lag has melted, the mangant 
imultaneously with the phosphoru 

ulfurization takes place during lag 
been 


dize 

The main de 
melting and particularly after a liquid slag ha 
that the lime removes some ul- 
fur at an early but during the carbon boil, 
reverts to the steel. This sulfur removal 
at the beginning of the blow, 
process, | 


obtained. It true, 
tage, 
the sulfur 


by the 


occul 


lime which 


also in the basic be 
a heat of the type 
been more intensive, and no 


more 


noticeable in hown in Fig. 2, In 
this heat, the boil ha 
appreciable dephosphorization took place before the 
had decreased to about 0.5 pet Thi 


carbon content 
teels with 


is entirely sufficient for production of 
low-carbon content 

A late dephosphorization | 
view of the lining attack It ha 
attack, even with very 
combustion, is very slight a 
lag. but it increases rapidly towards the 
end of the cycle, as the iron content in the slag in- 
determining the MgO content in the 
been found that the lining attack from 

lag-off 1 
pite of the 
only 


to be preferred in 
become evident that 
good carbon mon- 
there | 


the lini 


oxide long as 


no liquid 


crease By 
lags, it ha 
the beginning of the blow up to the first 
only about 8 kg of dolomite pet ton. In 

fact that the final dephosphorization period i: 
» 20 pet of the total time and during this period 
10 pet of the carbon Is removed, the lining 
of the 


long period 


only 5 to 


during thi same order of 


up to thr 


attack period l 


magnitude as during the 
lag-off 

First slag: The first 
content of about 0.100 pet 


lag-off usually takes plac 
The - 


a pho phorou 
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espondl carbon content can be va ied within and the temperature Fig } chows the relation be- 
vide | ts but usually 0.10 to 0.30 pet C wher tween the phosphoru content of the teel and the 
low-carbon steels are bet produced If it ke ed iron content of the slag The extraordinarily stro 
te el ve the phosph i ital a carbon ¢ - influence of the ron content of the lag on the pl! - 
tent. the ore addition | decreased so that the tem- phoru content of the teel at the first slag-off 1 
perature equired f elting 1 eached earlie quite evident 
Sometimes the ag tapped off at higher carbo! The same diagram also shows the importance of a 
contents in order to achieve an especially od de light exce of lime in the slag in ordet to make sure 
ilfurizatior The manganese content at the first of a complete dephosphorization If the relation b¢ 
= fT . vith the phospht is content, but it tween the actual CaO conte nt of the slag and what 1 
isua about 0.2 to 0 pet theoretically required in order to bind silicon and 
rhe first phosphate la smounts to about 220 phosphorus as 2 CaO SiO. and 4 CaO-P,O, respec- 
; kg per ton of pig iron and contains 6 to 10 pet Fe tively is le than 1.10. the dephosphorization 
An average of 80 pet of tl lag is tapped off The found to be considerably impaired On the othe! 
temperature at the first slag off is usually 1580° to hand. the diagram shows that a lime surplus of 
1610 C more than 10 pct does not appreciably improve the 
Final blow: After charging an additional 10 to 15 iephosphorization and does not influence the illus- 
kg lime per ton of py on and up to 10 kg ore, the trated relationship = 
tee! is refined to the desired carbon and phosphoru In Fig. 4, slags with an in ufficient amount of ex- 
contents at a suitable tapping temperature ol! 1620 et lime have been excluded. Furthermore, the 
to 1650°C lags have been grouped according to steel tem- 
The weight of the second slag is usually about peratures. The known tendency of dephosphorization 
80 to 100 kg per ton of pig iron w th an iron content to decrease with increasing temperatul! is con- 
of 15 to 20 pet. The tapped off portion of th lag firmed. Fig. : hows that. on the other hand, the 
varies between 40 and 70 pct of the total carbon content Nas no influence on the r¢ lation be- 
When producing steels with a maximum content tween the phosphorus content of the steel and the 
of 0.02 pet P in the fin hed steel there usually one iron content of the slag 
additional slag-off, primarily in order to improve the With the large excess of lime required to bind the si 
teel vield and prevent reversion ol the phosphoru phosphoru effectively in the final slag when the 
during tapping. An additional 4 to 7 kg of lime i phosphorus content of the tee] has been brought 
then added. If such a third lag is formed, the iron down to valu under 0.020 pct P, the iron ct ntent 
content in th lag will increase to 20 to 28 pet, and of thi lag will be very high, especially at low 
the quantity usually ts 90 to 70 kg per ton of hot ilica content (Fig. 6). A silica content of 4 to 6 
pet has proved to be optimum, i both the P,.O,:P , 


Irie tal 


atio and the iron content of the slag are taken 


Only part of the final slag | tapped off the balance 
being retained in the furnace during tapping by 


adding about 20 kg of lime per ton for stiffening The main part of the desulfurization takes place 


before the first slag-off. Of the factors which In- 


This lime and the retained slag is used during the 
ubsequent heat fluence desulfurization during this part of the pro- 
et the lime basicity is evident. In Fig. 7 the in- 


High-Carbon steel: When making high-carbon 
der 


teels. the first slag i removed at a carbon content fluence of the slag content of iron Is nonstrated 
of 1.0 to 1.5 pet C, depending on the desired final A low iron in this slag seems to give better sulfur 
carbon content. The iron content in the lag control emoval in accordance with the reaction CaO 

thre pho phoru content in the bath. whict varie FeS CaS FeO The diagram also how ome 


favorable influence of the carbon content on tne 


between 0.2 and 0.3 pet In order to bring the pho 


phorous content down to low values, about 10 to 15 desulfurization. The normal sulfur removal when 
kg of lime per ton and about 10 to 15 kg of ore pe! refining basic-bessemer iron is 65 to 60 pct Slag- 
ton are added after the lag-off. and the rotational ing-off at a Nigh carbon Ct ntent when the iron 
peed of the furnace adjusted during the con- content in the slag is relative ly low gives partic- 
tinued refinement so that no appreciable boiling ularly good sulfur removal, and this is utilized when 


verv low sulfur content is desired. 


eaction is created. In tl way, an oxidizing lag 
formed with the ability to remove the major portion Low-phosphorous hot metal 
f the phosphorus remaining in the bath. The car- Refining pig iron with 0.1 to 0.3 pet P is consid- 
bon oxidation doe not start again until the phos- erablv easier than refining pig iron with higher 
phorous content in the steel has been brought down phosphorus content The reason for this is partly 
te i low value due to the lower slag volume, and partly due to the 
The carbon content then brought down to the lower P.O. content of the slag which makes it easie! 
lesired value, which can be done successfully and to come down to low phosphorus contents even at 
vitl eat accuracy unde a very Dask lag witl high carbon contents 
controlled iron oxide content With scrap cooling or continuous ore changing, It Is 
Slags: The slag obtained in the Kaldo proce at pe ble. at normal silicon contents, to refine the 
the first ig-ot! 1 phosphate slag of the same teel directly to the desired carbon content without 
pe as in the basic-bessemer proce The normal any extra slag tappings, but is advisable to interrupt 
position 18 to 20 pet P.O,, 7 to 8 pet Si0,, the blow for temperature control and carbon check 
it + pet CaO, 2.5 to » pct MgO, 2.5 to 3.5 pet while the carbon still is 0.2 to 0.3 pet above the 
MnO 15 to 10 pet Fe value desired before tapping. In this way, close! 
The properti f tl type of slag, which in- temperature and analysis limits can be n aintained 
fluence the } pl is content of the liquid steel, in the finished steel. In connection with thi top 
and whi e we KI vn ft the basic besseme! for sampling t is at the ame time also convenient 


proces 
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Fig. 6—Iron and P.O. content of the slag with decreasing phos 
phorus content in the steel when using hot metal with 1.85 pct P 


Table |. Example of Desiliconizing in the Kaldo Furnace 


Charged: 25.700 kg hot meta 


500 
165 kg sinter (cold furnace 
Blewing: 440 N am for 91 
Extra rotation without any O+» for 1 mir 
Metal analysis, pet si Mn s 
Before blowing 4.08 0.91 1.08 0 160 0.041 1190 
After blowing 76 0.00 0.7 0.194 0.023 1480 
Slag analysis, pet CaO MgO SiO POr MnO FeO 
After blowing 467 449 182 0.03 72 1.74 


not take up any more phosphorus or sulfur during 
the continued blow. Furthermore, the iron content 
of the slag increases with decreasing carbon content, 
and the steel yield will be lower, if the entire slag 
volume is kept in the furnace until the heat is 
finished. This is especially true when producing steel 
with extra low carbon contents 

For ore cooling and silicon content in the pig iron 
over 0.5 pct, an improved refining technique has 
been developed. No more lime is charged before 
the start than what is required to bind the silica 
in the slag with a CaO:SiO, ratio of about 1.3. The 
ore addition is adjusted so that the metal tempera- 
ture will be about 1500°C when the main part of the 
silicon has been oxidized but the carbon boil has not 
yet gained much speed. It has been proved that 
this slag, which in composition resembles a blast- 
furnace slag, can be reduced to a very low iron 
content. The major portion of the silicon content 
of the pig iron can, thus, be removed without any 
loss of iron 

Table I shows an example of such a pre-refining in 
which the iron content of the slag was reduced to 
1.4 pet before slag-off. This example also shows that 
this pre-refining technique at the same time gives a 
very good desulfurization, in this case 44 pct. Fig. 8 
shows a heat where this technique has been applied 

After the silica-rich slag has been removed, the 
refining is continued with only enough slag volume 
for the dephosphorization when simultaneously 
further desulfurization is obtained 

This pre-refining technique can also be used ad- 
vantageously with scrap cooling as, in addition to an 
nproved steel yield, it also gives a better heat 
economy 

The dephosphorization of hot metal with 0.2-0.3 
pct P is shown in Fig. 9. The diagram shows that the 
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Fig. 7—Sulfur distribution in slag and steel at first 
slag-off when using hot metal with 1.85 pct P 
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Fig. 8—Heat with slag tapped after removal of silicon. Hot metal 
analyzes: 3.82 pct C, 075 Si, 0.75 pet Mn, and 0.081 pct P. Re 
sulting steel contains: 0.15 pct C, 067 pct Mn, 0.015 pct P, 0.028 
pct S, and 0.002 pct N 


ratio between the P.O.-content of the slag and the 
P-content of the steel normally is higher at lower 
phosphorus content in the steel. Fig. 10 shows, fur- 
thermore, that a basicity, expressed as CaO/(Si0 
P.O,.), above 3.25 does not seem to give a higher 
P,O,-content in the slag than a basicity of 2.75 to 
3.25 

The diagram in Fig. 11 is a repetition of the fore- 
going, but it has been arranged according to tem- 
perature and carbon content instead of basicity. A 
series of heats were made with over 1 pct C in the 
finished steel, and the diagram shows that the P.O.- 
content of the slag was practically the same at low 
and high carbon contents. No influence of the tem- 
perature could be observed. The number of test 
however, was too small to permit any definite con 
clusions 

As in the phosphorous-rich slags, the phospho 
content of the steel adjusts itself to the iron cont 
of the slag, as is shown in Fig. 12. Also in tl e- 
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Fig. 9 (left) 
trom same hot metal, grouped according to basicity. Fig. 11 (right 


pect, there is no appreciable difference between 
the groups with high and low carbon content. How- 
ever, the highest iron content may have been in- 
fluenced by the carbon content being only 0.03 in 
the steel. Lower temperature accompanied by 
higher tron-content in the slag, presumably because 
ary to keep the 


a higher iron-oxide content is nece 


lag from becoming too viscous 

The total sulphur 
Normal desulphurization by refining low- 
90 pet 


removal depends on the slag 
volume 


phosphorous metal is 


Other types of hot metal 

Besides the high-phosphorous, basic-bessemer hot 
metal used for the Kaldo proce n Domnarvet, and 
the test low-phos- 
phorous iron, a number of other 


which have been made with 
of varying 


iron type 
composition have been used in other tests 

For instance, a number of heats have been mads 
with the following medium-phosphorous iron: 3.95 
to 4.00 pet C, 0.73 to 0.86 pet Si, 0.34 to 0.42 pet Mn 
0.014 to 0.040 pet S, and 0.64 to 0.68 pet P 

From this hot metal a number of heats were made, 
ome with 0.70 pet C. Some of the heats were cooled 
With ore-cooling a 
with the 


low-pho phorou ron No 


with ore and some with 


pre- lag Wa 


crap 
tapped off in accordance 
technique developed for 
appreciable phosphorus removal takes place in thi 
pre-slag in which a low basicity is desired 

The phosphorous-rich slag was tapped off with 
about 0.1 pet P in the steel, when 0.1 to 0.2 pet C re- 
mained to be removed.The approximate slag compo- 
sition wa 10 to 15 pet SiO,, 8 to 11 pet P.O,, 50 to 
95 pet CaO, 3 to 5 pet MgO, and 5 to 8 pet Fe After 
au small addition of lime and ore, the steel was re- 
fined to the desired carbon and below 0.030 pct P 
at the same time adjusting the steel temperature 
The final lag contained: 6 to 9 pet SiO., 4 to 7 pet 
P.O., 40 to 45 pet CaO, 4 to 5 pet MgO, and 15 to 20 
pet Fe. A substantial part of thi lag 
for the next heat 

It i interesting to compare 
with thi 
phosphorou 


was retained 
dephosphorization 
type of pig iron with the more silica-poor 
slag which is obtained when refining 
metal, From Fig. 13, which 
relation between the iron content o 
lag and the content of the teel, it 

evident that in this case (0.66 pct P hot metal), the 


basic-bessemer hot 


phosphorou 


iron content is lower, which seems to be related to 
the higher lica-content of thi lag. In Fig. 14 the 
average Value nave beer calculated for both 
slag type including only slags taken at a steel 


temperature of 1620° to 1650 C. This diagram show 
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Phosphorus distribution in slag and steel when refining hot meta! with 0.2 pct P. Fig. 10 (center 
Same, grouped according to carbon content and temperature 


4 


The P.O content of slag 


that the P.O.:P ratio lower in the ilica-rich slag 
With an excessive lica-content it is, thu neces- 
ary to have a larger slag volume in order to come 


red phosphorus content in the steel 


When refining a high-pho hot metal and 
I inter, these additions should not 
1. much silica. If, on the other hand, the 


nt in the slag ts too low, its tron content 


pri rou 


vill be innect lv high with resulting decrease 
m tne teel yield 

Among the tested iron types, the following ex- 
eme anal can be mentioned: 2.14 pet C, 3.2 pet 


Si, 0.21 pet Mn, 1.35 pet P, and 0.120 pet S 
Ore was used Refining of such a pig 
nm is carried out in much the same way as for the 
on with 0.8 pet Si and 0.7 pet P 
rotation, it 


cooling 


Because f the mixu obtained through 
was ei to oxidize the large amount of ilicon 
After the lica slag of low basicity had been tapped 
off at about 0.2 pet Si in the steel, more lime and 
ore were dded, and the carbon and phosphorus re- 
fini carried it the usual manne! 

Fre this hot metal ship plate and deep-drawing 


heets were produced with a specification of 0.02 pct 
P max and 0.025 pet S max. In one of these heat 
a desulfurization from 0.164 to 0.018 pct was ob- 


tained, due to the good sulfur removal in both pre- 


lag and the pho phate lag 
Steel quality 
The Domnarvet Kald teel ha 


been used 1n a 


number of applications with ¢ pecially high require- 
nents for good cold working propertie impact 
trength, and non-aging characteristics 

Test ingots and rolled steel. delivered to a number 
ot teel mill nterested in the proce . have been 
found satisfactory in comparative tests with other 
te for a large number of applications. This is 
true, both for extremely low-carbon content steel, 
fe nstance, in electrical sheets, and for high-carbon 
tool steels. The reason for the good steel quality, in 
addition to the low contents of sulfur, phosphorus, 
and t en, can be attributed to the capability of 
the proce in carry g out the reactions in a way 
ultable fk each type of teel and of controlling the 
course of the heat and the tapping temperature 


So far there is only little experience in the manu- 
facture of alloy ee] The reason for this is that 
there are no all y steels on the Domnarvet produc- 
on program. Up to 1.5 pet Mn and 1 pct Cr have 
been added in the furnace and 1.5 pet Si in the ladle 


From these heat t wever, clearly demon- 
ated that the ferroalloy melt and dissolve uni- 
formi m the teel faste than usual, due to the 
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tirring from rotation. With a gas or oil burner in- 


troduced through the mouth or by increasing the 


steel temperature before additions, it should be pos- 
ible to increase the additions still more 

Good experience has been obtained with recarbur- 
ization of steel and alloying with silicon when pro- 
ducing hematite pig-iron from basic-bessemer hot 
metal in the Kaldo furnace. For instance, recarbur- 
ization was carried out with coke from 0.79 to 3.72 
pet C in 11 min, while the temperature of the bath 
decreased from 1450° to 1350°C. The reason for the 
low temperature drop during this strongly endo- 
thermic reaction was that the reduction gas and 
part of the coke could be burned to carbon dioxide by 
the oxygen which was blown into the furnace during 
the recarburization. After another 6 min of rotation 
with a low flow of oxygen, 4 pct C was obtained, and 
the temperature increased to 1360°C. After the re- 
carburization 75 pet FeSi was added in order to in- 
crease the silicon content by 3.5 pct. The silicon yield 
was 96 pct after 10 min rotation 


Acid operations 


In Sweden, because acid open-hearth steel has 
proven to be superior to basic steel with the same 
analysis for certain applications, the Kaldo proces 
has also been tried as an acid process. These test 
have been made in a 3-ton furnace. Both ore and 
scrap have been used as the coolant. The process 
was extremely simple to regulate, and it was easy 
to control the temperature and obtain the slag com- 
position which is desired in the acid open-hearth 
process, These tests showed that, in spite of com- 
plete combustion of the carbon monoxide, the lin- 
ing attack was considerably less than with a basic 
lining. This confirms the theory that high tempera- 
ture from the combustion of the carbon monoxide 
above the bath is not dangerous to the lining life. Due 
to the low lining cost for the acid process it is pos- 
sible, with availability of low-phosphorous ore 
to produce the acid steel at a lower cost than the 
basic steel. Furthermore, it may be possible to ob- 
tain a steel with less slag inclusions. Additional 
tests with acid lining are planned 


Conclusions 


From the above description of the Kaldo pro- 
cess and its use for refining of different iron type 
it is evident that the process is extremely flexible 
This is 
ition of the hot metal and the production program, 
but also in connection with the ability to adjust 
in accordance with the temporary price 
During the last 


true, not only with reference to the compo- 


the proces: 
relations between iron and scrap 
few years, the scrap prices in some areas have 
fluctuated widely, and it is thus valuable to be 
able to base production either on pig iron with ore 
as a coolant or in other cases with as much scrap 
as possible. In the latter case more than 40 pct of 
the total metallic charge can consist of scrap, which 
is a very high proportion for a pneumatic process 
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Discussion 
of 


Kaldo Paper 


by D. R. Berg 
and T. O. Dormsjo 


Recent developments in the US and abroad have 
documented many of the details in the foregoing 
paper concerning the significant metallurgical con- 
trol characteristics that are inherent in the Stora- 
Kaldo oxvgen teelmaking process At the same 
time, preliminary reports on the operation of a new 
Stora-Kaldo facility in France show that production 


results achieved by thi process are meeting or ex- 
ceeding expectations This facilitv already has pro- 
luced what is believed to be the largest single heat 

122 tons—ever produced by an oxygen converte! 


of any type. The working volume of the furnace 1 
approximately 2500 cu ft 

In addition to the 110-ton converter operation in 
France, new Stora-Kaldo facilities are being in- 
talled in England and Sweden. The Consett Iron 
Co, Ltd., in England, recently announced its plans 

nstall two 110-ton converter Another facility 
with two 110-ton converter is expected to begin 
producing steel at Oxelosund, Sweden, early in 


D. R. BERG is with Dravo Corp, Pittsburgh, Po. which holds US 
and Canadian rights to design, market, and construct Stora-Kaldo 
facilities. T. O. DORMSJO is with Stora Kopparberg Corp., New 


York 
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1961, and the addition of comparable size equip- 
ment is programmed at Domnarvet, Sweden 

The interest of North American steelmakers in 
the Stora-Kaldo process has been heightened by 
the combination of three principal characteristics of 
this oxygen conversion method, as described in the 
foregoing paper. These are positive process control 
that assures production of a wide variety of carbon 
and alloy steels to precise metallurgical specifica- 
tions, excellent heat economy, and high yields 

Studies made at a Pennsylvania mill with ingots 
and slabs produced by the Stora-Kaldo process 
how that the three grades of steel tested-—1005 
aluminum killed, 1064 fine grain, and 1095 coarse 
grain—were equal or superior to the mill's own 
open-hearth steel. Among the factors used in the 
comparison were ingot-to-slab yield, chemical 
egregation, magnaflux quality, non-metallic count, 
hot-roll ductility, and cold-roll annealed ductility 
This mill is one of several in the US now evaluating 
the process with Dravo Corp. and Stora Kopparberg 
engineers 

In France, Stora-Kaldo steel is now being rolled 
into deep-drawing sheets primarily for the auto in- 
dustry. From hot metal with 3.5 pet C, 0.5 pct Si, 
0.35 pet Mn, 1.7 pet P and 0.040 pct S, steel is pro- 
duced with 0.06 pct C, 0.015 pet P and 0.010 pet S 
Using 99.5 pct O,, the nitrogen content of the steel 
is low—usually 0.002 pct 

The flexibility of the process that enables it to 
produce a wide variety of steels to exact specifica- 
tions consistently is of particular significance to 
teelmakers who manufacture many _ different 
prade Of equal significance to those who mass- 
produce only a few grades are the thermal efficiency 
and high-yield factors of the process. As the fore- 
going paper states, the price relationship between 
iron and scrap can fluctuate widely. The heat econ- 
omy of this process, therefore, enables producers to 
adjust the balance of feed materials over a broad 
range to meet existing conditions and still maintain 
the quality of the end product. The tests in a 30-ton 
furnace, as outlined in the foregoing paper, have 
proved that more than 40 pct of the total metallics 
charged can consist of scrap. Actual experience in 
a 110-ton unit has demonstrated that approx 45 pct 
of the metallics charged can be scrap 

Yield performance is another economic considera- 
tion which results from the various operating 
features of the process described in the foregoing 
paper. Ladle yield (weight of blown metal divided 
by weight of total metallics charged and added) at 
the Sollac plant in France has been 93 pct when 
using 40 pct scrap plus some ore as a coolant. This 
is a particularly good result considering the blowing 
time and slag volume associated with production of 
0.06 pet C, 0.015 pct P steel from hot metal with 
3.5 pet C, and 1.7 pet P 

During initial operation of the French 110-ton 
unit, only one 8-hr shift per day was scheduled. The 
vessel was permitted to cool down each day for the 
remaining 16 hr. Also the tap-to-tap time was ex- 
tended considerably due to training of personnel 
for all shifts during the 8-hr of daily operation 
Slag analyses during this period showed refractory 
consumption per ton of ingot to be 24 lb using 
heavy scrap and ore as coolant. With this rate of 
refractory use and based on present lining design 
two vessels could be kept in continuous operation 
in a three-vessel plant 
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Side elevation of Sollac’s Kaldo facility in the Lorraine area of 
France. One of the two 110-ton vessels is shown at left center 
in the rotating cradle; the other is in position on the relining 
stand. 


In France, Sollac’s 
new Kaldo vessel in 
blowing position ot 
17° from horizontal. 
At left is the scrap 
charging machine. 
Burnt lime and ore 
ere cherged from 
overhead bins. 
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BOTTOM BLOWING WITH OXYGEN 


This article describe 
iron oa de fume 
oryge 
desiqned injector 
need for an external coolant 


by G. Savard, R. Lee, and M. R. Campbell 


an outgrowth of oxygen lancing tests, em- 
A bicyea for desiliconizing iron in the transfer 
ladle, a new oxygen proce for refining tron has 
veloped by Canadian Liquid Air Co. in con- 
Dominion Iron & Steel Corp. at Syd- 


a bottom- 


been de 
junction with 
re Nova Scotia. The process employ 
blown converter using pure oxygen at a minimum 
pressure of 400 psi. Oxygen is introduced into the 
bottom of the 
ened injector No water o1 
Instead, the injected oxygen is em- 


injector from disintegrating in 


metal bath through a specially-de- 


external source of 
cooling used 
ployed to keep the 
contact with the violent oxvgen-metal reaction 
Tests began in an attempt to desiliconize hot metal 
ladle by 


Through an extensive series 


impinging oxygen onto the 
metal 

adequate oxygen efficiency wa 
of the metal to form layet 
another problem was not 


experiment 
achieved, and a tendency 
was minimized. However, 
olved; it concerned the generation of a large volume 
of iron-oxide fumes 
tudies concluded that, if the reac- 
2 FeO could be effected at or near 
the FeO would be reduced 


Subsequent 
tion 2 Fe ©) 
the bottom of the ladle 
before reaching the surface, thu 
reaction products of iron and SiO 
manganese, etc.). In 


while passing 


the ilicon 
iclding the final 


(neglectin reaction with 


other wor! the reaction products, 
ft molten metal—which acts as a scrubbe 
could be absorbed, and the volume of iron-oxide 
fumes reduced 
were started to prove this 
and develop an injector design suitable for 
gen through the molten bath without 
water cooling. These tests pointed to 


ability of multiple injectors, since numerous 


In 1954, experiment 


theor 


rones enclosed by molten metal were 
one large zone. These injectors 


splashing, and improved 


plant in Canada, large-scale 
arried out on 16 to 38 ton batches 
wed 1.2 pet 
ng silicon content of 1.07 pct 
onsumption of 255 cu ft-per-ton, 


another 


ferrosilicon was 


G. SAVARD and R. LEE are with the Canadian Liquid Air Co 
Ltd, Montreal, Que, Canada M. R. CAMPBELL is with the Do 
minion Iron & Steel Corp., Ltd, Sydney, Nova Scotia, Canada. This 
poper wos presented at the 42nd Conference of the National Open 
Hearth Stee! Committee of AIME 
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a new iron refining process which drastically reduces 
Instead of the top lancing of the LD process, high-pressure 
niected into the bottom of the metal bath through specially- 
The cooling effect of the oxygen flow itself eliminates the 


the final silicon content reached 0.28 pct, and effi- 
ciency was over 100 pct (based on the silicon ox1- 
dized ) premature injector burn-outs fre- 
quently occurred, and the iron bottom-poured 


through the completely eroded injectors. With these 
mall- 


Howevel! 


tests, and fron 
scale test ufficient data were gained to proceed 


with pilot-plant work 


the previously-mentioned 


Pilot plant tests 


In the pilot plant tests, a 20-ton ladle, lined with 
standard fireclay ladle brick 
treating vessel (Fig. 1). The number of courses of 
brick varied, because various weights of metal were 
treated, and it was desirable to keep the depth of 
the bath at a minimum of 3 ft. Oxygen for the pilot 
plant was supplied by a bank of cylinders, thus 
making a precise record of oxygen consumption 
The cylinder pressure was regulated to 
pressure and 


was employed as a 


available 
approx 200 psi above 
throttled to the desired level by a needle valve neat 


delivery 


the treating vessel 
The success of the process hinges on the appro- 
and the design of the refrac- 


priate oxygen pressure, 
The injector must 


tories and the injector assembly 
withstand: a) the washing action of molten metal 
and oxides: b) the highly exothermic reaction of 
molten metal and oxygen: and c) total immersion into 
the molten metal. Since there is no other means ol 
cooling, the oxygen flow must keep the injectors 
from disintegrating. It does not require very high 
pressure to keep the metal from flowing into the in- 
jectors; hence, the pressure is controlled so as to 
maintain an optimum oxygen flow for cooling 


Desiliconizing hot metal 

The first phase of pilot-plant work was carried 
out at the Sidney plant of Dominion Iron & Steel 
Corp. in 1956 and 1957. Its purpose was the de- 
siliconizing of hot metal to a consistently low level 
through the high-pressure oxygen injection tech- 


nique 

The weight of metal at the start of the program 
was approx 4 tons progres- 
sivelv increased until 12% to 15%» tons were treated 

The pilot plant was set up at the mixer end of 
the open-hearth shop, where the hot metal was 
transferred by standard ladles. A metal sample for 
chemical analysis was first taken, followed by a 
reading. The treating 


however, it was 


thermocouple temperature 


* 
wi 
3 
& 
ite 
2 
/ 
the desir 
iit reaction 
found better tl 
eactior vith the ox. er 
Meanwhile at 
test were being 
t 
f etal. whicl 
a ve i 
Wit in oxvgen ¢ 
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TREATING 


OxYOEN 
LADLE FLUNG POSTION LAOLE TREATING POSTION 


Fig. 1—A 20-ton ladle, lined with standard fireclay ladle brick 
was employed for pilot tests 


vessel was then lowered to the horizontal filling 
position, and after the filling was completed, it wa 
rotated back into the vertical blowing position 
Meanwhile, oxygen was blown through the nozzle 
at full flow. Until the injectors were completely sub- 
merged, the oxygen impingement on the surface of 
the molten metal caused a vigorous reaction, eject- 
ing metal particles as far as 30 ft. When the injector 
were immersed, the reaction quieted down and the 
amount of splash and fume decreased 

Fluxes were added at the beginning, and if neces- 
ary, also during the blowing period; the vigorou 
mixing action caused the fluxes to be completely 
dissolved within 5 min of their addition. Experience 
showed that, when the silicon content reached ap- 
prox 0.2 to 0.3 pet, the oxygen reacted with 
the carbon, giving the visual indication shown in 
Fig. 2. Agitation of the bath became more predom- 
inant and the carbon monoxide flame noticeably in- 
creased. In fact, if a constant record could be kept 
on the silicon content of the hot metal in the mixer, 
this treatment could be done on a time basi 

When the metal was desiliconized to the desired 
level, the vessel was rotated to the horizontal filling 
position; a temperature reading was taken, followed 
by a metal and slag sample. After this, the metal 
was poured into a pit ladle and then back into the 
hot metal ladle. It was topped with the required 
weight of untreated metal from the mixer, and 
then charged into the open-hearth furnace 


Results 
The result hown are based on the average of 
nine consecutive heats carried out at the end of the 
program, and were considered typical. The average 
weight of metal treated was 14.9 tons. The flux con- 
isted mainly of mill scale (1.8 pct) and burned lime 
(1.5 pet); a small quantity of fluorspar (0.14 pct) 
was also added 
Table I summarizes the tests with 4 injectors in 
parallel, each admitting approx 56 cfm oxygen flow 
The temperature of the metal during blowing in- 
creased from 2315 F to 2545°F. Based on the in- 
14.4 min (shown in Table I), the 
rate of temperature pickup was about 16°F per min 
Table II lists the metal analyses before and after 
treatment. Silicon drop amounted to 4.5 points (or 
0.045 pct) per min. Noteworthy is the fact that %4 
of the silicon content was oxidized, compared to 


jection time of 


about ‘se of the manganese 


The following was a typical slag analysis at the 
end of the oxygen treatment: 23.80 pct CaO, 52.80 
pet SiO., 4.13 pet FeO, 12.75 pet MnO, 5.79 pet MgO, 
and 0.15 pet P.O,. Composition varied with the 
amount of flux added and the silicon and manganese 
removed. Although complete analyses were made 
for only eight heats, the FeO and MnO were de- 
termined for every slag; these averaged 5.19 pct 
FeO and 10.93 pet MnO 

The thorough mixing action created by the bot- 
tom-injected oxygen permitted mill scale to be re- 
duced by the metal bath, thereby supplying both 
oxygen and iron to the molten metal. The mixing 
action also helped the rapid formation of a fluid 


lag 


Oxygen and iron from mill scale 


In determining the volume of oxygen derived 
from the mill scale, several assumptions were made 

1) the oxidized manganese of the hot metal en- 
tered the slag as MnO: 

2) mill scale was 100 pet Fe.O,; and 

3) the FeO content of the slag resulted from 
the partial reduction of mill scale, while the re- 
maining mill scale reacted with the metalloids in 
the bath 

On this basis, the oxygen added to the process by 
the reduction of mill scale was 130 cu ft per ton, but 
oxygen from mill seale remaining as FeO in the 
lag was 12 cu ft per ton. Thus, the oxygen which 
reacted with the metallic bath amounted to 118 cu 
ft, 1.e. 91 pet of the oxygen added in the form of 
mill seale. Adding this figure to the oxygen injected 
(shown in Table 1), the total oxygen flow into the 
metal was 339 cu ft per ton, and about 35 pct of 
the total oxygen was derived from mill scale 

On the same basis, 25.2 Ib Fe per ton of iron was 
added to the metal bath in the form of mill scale 
Since it was assumed that the FeO in the slag was 
derived from the partial reduction of mill scale, the 
FeO in the slag accounted for 3.5 lb Fe. Thus, 21.7 
lb Fe per ton of iron was absorbed by the metal bath 
from the added mill scale, which is about 81 pct 
recovery. This pickup more than compensated for 
the decrease in weight due to oxidation of silicon 
and manganese 

The oxygen efficiency—based on the analysis of 
metal shown in Table II and on the total oxygen 
added to the bath (from injection and reacting mill 
scale)—-was 87 pct. It is not possible to visualize 
free oxygen escaping under such ideal conditions 
for chemical reactions: however, using the condi- 
tions imposed for the efficiency calculations, this 
was the figure obtained 

The work on desiliconizing iron with the high- 
pressure bottom-injection technique seems to indi- 
cate the possibility of consuming all the mill scale 


Table |. Data on Oxygen Injection for Desiliconizing Tests 


» per heat, cu ft 3293 
Op» per ton, cu ft 221 
Duration of Injection, Min 144 
Rate of O» flow, cfm 229 


Table Il. Analyses of Metal in Desiliconizing Tests 
C, pet Si. pet Mo. pet 8, pet P. pet 


Before Treatment 40 0.85 0.74 0045 
After Treatment 9.20 0.37 
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Detailed discussion of 
conditions encountered by these injectors is given in article 


Fig. 3—Injectors used in pilot plant runs 


Fig. 4—The bottom of ladle, 5 min after injection treatment was 
terminated 
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generated in an average mill. Of course, for certain 
silicon drop, the temperature pickup of the treated 
mill 
intimate agitation created by bottom 


flexibility for variation of 


iron decreases with increased amount of scale 


However, the 
blowing provides large 


flux additions 


Decarbonizing high-carbon iron 


A program to decarbonize high-carbon iron by 
oxygen injection was carried out at the foundry of 
Sorel Industries Ltd., Sorel, Quebec, Canada. The 
purpose was to lower the carbon content to a value 
suitable for further furnace 
and to evaluate the bottom injection process for re- 
fining the metal to specification without use of du- 
plexing. Using the same pilot plant installed at Sid- 
were blown before hot charging into 
Since the 


processing in the arc 


ney, 10 heats 
an 8- or 20-ton basic-lined arc furnace 
starting temperature of the iron was on the low side 
in some heats, ferrosilicon and ferromanganese were 
added at the start of the 
arrive at a higher final temperature 

The analysis of the iron prior to blowing was 2.3 
pet C and 0.05 pct max S, with very low concentra- 
tions of manganese, phosphorus, copper, tin 
and other trace elements. Some of the heats were 
blown to approx 0.3 to 0.5 pct C, and one to the end 
Metal samples and temperature readings were 
The decar- 


blow in order to 


oxveen 


ilicon 


point 
taken before and after oxygen injection 
tapped into a transfer vessel and 
furthe 


bonized metal was 


charged into the arc furnace for refining 

The average reduction in carbon content was 1.9 
pet, with a final carbon content of 0.4 pct. A wide 
catter of results was found, most tests 
the starting carbon was not known until after oxy- 
injection. Most of the silicon part of the 


added at the start of the injection, were 


since for 
gen and 
manganese 
oxidized 

aved 716 cu ft 


The volume of oxygen injected 
per ton of iron. Based on the theoretical oxygen 
requirements for the oxidized amount of carbon, 


ilicon, and manganese, the efficiency was 93 pct 
Starting temperature varied from less than 2400°F 
to over 2600°F: final temperature was between 
2650°F and 3040°F. An average additional 90°F 


increase in temperature was obtained by the addi- 


tion of 0.35 pet Si 


The metal can be partially refined by high-pres- 
sure oxygen injection and charged into the are fur- 


converted 


however, for 


further refining. It also can be 
without additional 
of heats the arc 


quired control of chemical composition for an order 


nace for 
to steel refining 
this serie furnace provided the re- 


of special low-alloy steel 


Injector performance 


One of the first 
burn-off rate 


relationships discovered was that 


injector was a function of the injecto1 


wall thickness. For example, using oxygen at 400 
psi, copper injector tubing with an orifice diam of 
1/16 in., and a super-duty fireclay refractory injec- 


tor shield, an injector of 3/32 in. wall thickness did 


not burn, whereas a wall thickness of 1/32 in. re- 
sulted in a burn-off of 44 in. per min 
Another 


choice of refractory 


important factor discovered was the 


ref surrounding the injector. Fo 
the above conditions and for 's in. OD injector tub- 
when employ- 


was 2 In. pe! 


ing, the corresponding burn-off rate 


ing burned-magnesite as refractory 


min 


i 
‘ 
Fig. 2—Carbon oxidation commences at about 02 to 03 pct Si : 
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Fig. 5—Evaluation of pilot results 
suggested a radically different ves 
sel design, such as this one shown 
(1) being filled, (1!) during oxygen 
injection, (111) being tapped, and 
pouring slag 


Fig. 3 shows some of the symptoms, which were 
encountered by the injectors. Starting length of 
all injectors was 12 in. The top injector, with the 
tubing projecting above the refractory, shows that 
the weak link lies in the refractory around the in- 
jector. The protruding portion of the metallic tub- 
ing was protected by a coating of frozen metal and 
slag. The second injector from the top shows that 
the tubing has eroded more rapidly than the refrac- 
tory, creating a cone-shaped hollow with the in- 
jector tubing at the apex. This can be caused by) 
the following factors: 1) poor injector material 
2) incorrect wall thickness of injector tubing; 3) in- 
sufficient cooling due to insufficient oxygen pressur¢ 
and 4) spalling of the refractory immediately adja- 
cent to the injector tubing 

The refractory surrounding the third injector 
in good condition, as is the tubing itself. In fact 
was cooled sufficiently by the oxygen to freeze metal 
onto the injector tubing. The bottom injector show 
the tubing intact after the solid metal was removed 
from the tip. In some cases the injector tubing sur- 
face in contact with the metal was inscribed with an 
X, which remained intact during service 


it 


Oxygen pressure 

The choice of operating pressure depends on many 
factors. It is not possible to give exact figures; how- 
ever, as a guide in desiliconizing hot metal a pressure 
greater than 400 psi is necessary to avoid burn-off 
When higher temperatures are encountered, as in 
refining high-carbon iron where the final temper- 
ature is over 3000°F, a pressure higher than 600 p 
is necessary. In some instances, heats were treated 


at over 1200 psi oxygen pressure 


Refractory and vessel design 


The only reliable data available on the erosion of 
the vessel lining is based on 26 desiliconizing heats 
at Sidnev. At the slag line, where the erosion was 
the greatest, the standard ladle brick eroded about 


14 in. By controlling flux additions so that the slag 
never becomes too basic, this erosion could be re 
duced. Considering the fact that the brick lining wa 
only standard ladle brick, the erosive action of the 
slag can be considered very small 

The present treating vessel does not permit the 
injectors to be distributed uniformly throughout the 
bottom. When six injectors are used in parallel, the 
injectors are concentrated on one half of the bottom 
(Fig. 4). The picture shows the bottom of the ladle 
5 min after the injection treatment was finished; the 
mall round dark areas represent the cool region 
urrounding the injectors, while the lighter region 


is the glowing red-hot fireclay lining 


Conclusions 

By dividing the total oxygen flow into a series of 
multiple jets, intimate contact between the oxygen 
and metal was achieved—although the evaluation 
of the factors suggests a radically different vessel 
design (such as shown in Fig. 5) from the one used 
in the pilot plant tests 

If the bath is sufficiently deep, the oxygen effi- 
ciency will be high and iron oxide fumes will be re- 
duced to a minimum. The multiple reaction zones in 
the bottom of the vessel produced agitation, which 
by nature has little wear on the refractory lining. In 
fact, even with standard ladle fireclay brick there 
was little erosion 

The combination of ladle design and bottom blow- 
ing affords good control of the blowing operation 
the carbon can be stopped at any point, thus making 
the process available to the whole range of carbon 
teels 

The injection of high-pressure oxygen at the bot- 
tom of the treatment vessel without attendant water 
cooling of the injectors requires simple installatior 
If the injector performance proves to be reliable 
an industrial scale capital and maintenance 
should be reasonable, thereby making it att: 
for producers 
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CHICAGO... 
NOHC AND BFCORMC 


OF TMS OF THE AIME MEET! 


This isa remew of the technical and ial erent 


of the 43rd Conference 


of the National Open Hearth Steel Committee and the Blast Furnace. Coke 


Oven. and Raw Materials Committee held in 
week of April 1960 


athering in the corridors and meeting rooms of 
Gi. Palmer House in Chicago April 4-6 were 
registrants to the 43rd Conferences of the Nationa 
Open Hearth Steel Committee and the Blast Furnace, 
Coke Oven, and Raw Materials Committee. Interest 
ran high in discussions of old and new iron- and 
teelmaking process« as the attendance barometet: 
(topping the 2000 mark for the first time) well 
attest 


The meeting proceeded with the usual array of 


lyvnamic extra-curricular flare, a la Chicago b 
night. But by day more serious busine took place 
One uch event was the Annual Luncheon and 
Busine Meeting of the Blast Furnace, Coke Oven, 


ind Raw Materials Committee. The time was 12:30 
pm on Tuesday, April 5th; the place, the Crystal 
Roon R. FE. Power chairman of the Commiuttes 
reported on substantial progre being made in num 


erous fields of endeavor. These include an expanded 


technical program, particularly in the area of coke 
ven and byproduct operation Considerat 

being given to the establishment of additional 
awards, and efforts are being made to decrease the 


time required for publicat on of the Proceedit 
volume but work on the establishment of local 


ection proceeding lowly W Huntle ecre 


tary of the Committe read the minute oT the 

previous meeting. W. O. Bi hop of the finance con 
ttee told of progre being made in advert I 

the Proceeding and Committee treasurer, R. W 

Shearman, painted a rosy picture. The program com- 


ttee was complimented on its fine work, and the 
neeting moved on to nomination and election of 
fficer The results were as follow James Chis- 
chairman: W. F. Huntle 
(two vears). D. C. Brown, secretary: W. O. Bishop 


(four vears): and E. R. Dean, director (four 


second vice-« airmar 


(harging equence for the Annual Fellowsl p 
1) re went iron illuminated eafood cockta 
Variety purder to pet t fou ind 


lee. Welcoming remarks were by M. E. Nickel 


irman of the Chicago NOHC ectior D. R 
Lou é next took the chair as head of NOHC i 

( present tf ind best wishe t past 
chal V. W. Jone wl ha nee passed awa\ 
Leo F Reinarty eceived the presentatior or he- 
half of Vernon Jone Dan Loughre' presented the 
MceKune \ it W. P. nne ind D. J. Mille 
Jones & Lau n Ste¢ ( then pape | 
num Capper Nec And the ¢ nference Award went 
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“*hicago during the first 


to R. A. Hinnebusch and J. A. McKinnon of United 
Engineering & Foundry Co. for their paper, A 
Practical Method for Statistical Evaluation of Open- 
Hearth Problem 

On behalf of the Blast Furnace, Coke Oven, and 
Raw Materials Committee, R. E. Powers presented 
the Journal of Metals Award to Y. C. Chang of U.S 
Steel Corp. for his paper entitled, Optimum Opera- 
tion in the Recovery of Light Oil. A certificate of 
iven to past Committee chairman, J. W 
Duncan for his fine work 

job Powers presented to AIME President, Joseph 
L.. Gillson, a check for $1000 for the United Engineer- 
Center Building Fund and this was followed 
} Dan Loughrey with another $1000 check on be- 
half of the NOHC and in the stampede a third 
check for $1000 was pre ented by Paul R. Gouwens 
e Electric Furnace Committee. Somewhat over- 
come, President Gillson accepted the checks with 
trong expressions of thanks to the three committees 

Toastmaster of the evening, E. C. Logelin of U.S 
Steel Corp., presented the speaker of the evening, 
James C. Downs, Jr.. chairman of the Real Estate 
Research Corp. Mr. Downs’ realistic approach to our 
ituation was well received by 


present economk 


the audience 


Technical Sessions 


A wide variety of technical sessions, stressing 
both the practical and the theoretical aspects of 

n- and steelmaking, were held. In the open- 
hearth meetings, consideration was given to safety, 
iltrasonic testing, statistical and computer analyses 
f operating problen oxygen roof lancing, and 
efractories. An interesting paper on a new vacuum 
proce for treating molten steel, the DHHU process, 
was presented at the Operating Metallurgy session, 
nd published in the May issue of JOURNAL OF 
reat deal of interest was engendered by 
the Basic Oxygen Furnace Operating and Refrac- 
toric ession, and the JOURNAL OF METALS is pub- 
his everal of these papers in this issue 

In the Blast Furnace, Coke Oven. and Raw Ma- 
erials Conference, cor lerable emphasis was given 
to coking coals, coal chemicals, and coking problems 
And the JOURNAL OF METALS expects to publish some 


these papers during the ensuing vear in order to 
ncrease its coverage ot t! irea. A session on Iron 
Ore Reduction proved particularly interesting and 
produced two papers which were published in the 
April issue of the JourNAL or METALS: The Alan 
Wor H-Iron Plant; and Direct Reduction of Fine 
ce Self-Agglomerating Fluidized 


5 
| 
| 
; | 
aie 
‘ 
- 
ret) 
ears) 
Fellowship Dinner oo 
inks 


Bed. Blast Furnace Practice and Theory 
a Sintering session, a Computer Simulation session, 


SESSIONS, 


and a Joint session with emphasis on the hot-blast 
cupola in the steel industry 

Three award-winning papers were presented at 
the conferences, and these are summarized in the 


rounded out the sessions 


following paragraphs 


Conference Award 


A Practical Method for Statistical Evaluation of 
Open-Hearth Problems, by R. A. Hinnebusch and 
J. A. McKinnon, United Engineering & Foundry Co 
This paper describes a quasi-statistical method 
designed to furnish simple graphical solutions to 
typical shop problems. Most problems require the 
evaluation of the effects of a number of independent 
variables acting upon some dependent variable 
This type of evaluation is possible when using a 
statistical known as 
evaluation. When modified by graphical interpreta- 
tion of the data, this method can be utilized to pro- 
duce practical, workable solutions with a fraction of 
the effort and frustration inherent in the pure statis- 
tical approach 
The graphical 
which is described as a line which represents the 


method multiple regression 


solution uses a regression line, 


average relationship existing between two variables 


tatistical work, the 
usually determined 
by the method of least squares. There is nothing 
method, except that it is time-con- 


shown on a scatter diagram. In 
equation of the regression line 1 


wrong with thi 


suming or requires the use of calculating machines 


The regression lines used by the authors were de- 
termined by the method of selecting points in which 
drawn which appears to give the 
around 


a straight line | 
most equitable distribution of plotted point 
it. The author 
the correlation factor in their computations 

In order to illustrate the method, the author 
tudied the 
molybdenum steel 


also employed some simplication of 


recovery of manganese in chrome- 
Production records were ob- 
, and the manganese recovery 
calculated. Seatter dia- 


relationship 


tained for six variable 
obtained in each heat wa 
grams were constructed to show any 
existing between the variables and the manganese 
recovery. The graphical interpretation of the data 
confirmed the importance of two variables: go- 
ahead temperature and finish slag length 

The next step was 
existing between the two variables and the man- 


to investigate the relationship 
ganese recoveries of a series of chrome-molybdenum 
teels having an extended range of go-ahead carbon 
levels. Thi 

ultable for a much wider field of application 


permitted the construction of a control 


Left, NOHC and its award 
winners; shown (I to r) L. W. 
Moore, 1960 choirman; D. 
R. Loughrey, 1959 choir- 
mon; J. A. McKinnon, co- 
author of the Conference 
Award paper; and W. P. 
Connor and D. J. Miller who 
received the McKune Award. 
Below—left, Y. C. Chang 
receives the Journal of 
Metals Award from R. E. 
Powers. Below—right, R. E. 
Powers gives AIME President 
Joseph L. Gillson $1000 for 
the United Engineering Cen- 
ter Building Fund. 
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Recovery equations were derived and expressed 
as charts in which the finish slag lengths appear 
as a family of straight lines on a plot of go-ahead 
recovery. These control 


temperature vs manganese 


charts have been used in actual operation for a 
period of six months and have resulted in a 75 pct 
reduction in off-specification heat 

Thi tatistical-graphical 
whenever the 


method can be used 
problem involves the correlation of 
two or more variables and, consequently, can be a 
The method 


iallv-trained techni- 


useful tool in quality control programs 
imple and requires no spec 


clans or costly equipment 


Journal of Metals Award 


Optimum Operation in the Recovery of Light Oil, 
by Y. C. Chang, U. S. Steel Corp 

The recovery of light oil is an inherent part of 
the operation of a coke-oven plant. The problem 
of how to operate such a recovery plant at a maxi- 
num profit is naturally of great interest to the 


coking industry. Although various methods are used 


cor ercially for the recovery of light oil, the wash- 
| absorption process is the most popular, at least 
the US 
The iuthor define optimum operation to mean 


the maximum net return within a certain period 


t e. By tl definition, when the total value of 
product ind the total recovery cost are plotted 
inate \ some appropriate variables as the 
Ds the point of maximum net return occurs 
here the vertical distance between the income 
na the cost curve the largest 
tate the analy of such a ce mple x pro- 
ce that f wash- absorption, the relevant 
ect c factors and process variables are simplified 
when po ble. Income made up of the revenue 
from t le of the three majo products of light 
oil: benzene, toluene, and xylene. The cost of re- 
covery co! ts of fixed costs, such as depreciation, 
and variable cost ich as steam. Since the autho 
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The basic oxygen 
steel plant of Acme 
Steel Co. was 
toured by almost 
500 conference 
registrants. 


interested in locating the optimum point of the 
operation and not particularly in the absolute value 
of the profit, simplicity can be gained at no expense 
of accuracy if only relative values are employed 
For this reason, the fixed costs are not included in 
this treatment, and the variable costs alone are 
considered 

The total variable cost is determined by the sum 
of three electricity consumed by 
motors driving the circulation pumps, and refining 
cost Steam large 
variable cost, for steam is used not only 


items steam, 


represents a fraction of the 
within the 
stripper, but in most plants also in the final heater 
to bring the temperature of the feed up to the 
desired level. The cost of refining is considered pro- 
portional to the quantity of the three products pro- 
duced. Other variables are relatively small and are 
not considered by the author 

The relative net return, exclusive of fixed costs, 
is the total value of the product minus the sum of 
the three major variable costs, which can be defined 
by equations relating fractional recovery and oper- 
ating variables for the absorber and stripper. The 
maximum value of the relative net return, N, can be 
obtained either analytically or graphically with the 
equations given in the paper, but the graphical pro- 
cedure is simpler and more straightforward. This 
procedure is illustrated by the author in a hypothet- 
ical case. Since this hypothetical case is typical inso- 
far as the equipment arrangement is concerned, thi 


method is applicable to commercial plants 


McKune Award 


Aluminum-Capped Steel, by W. P. Connor and D. J 
Miller, Jones & Laughlin Steel Corp 

The concept of an economical grade of steel with 
‘teristics of 
found in killed steel, 


h chemically-capped steel 


the favorable rolling charac rimmed steel 


plus the reduced segregation 
led to experimentation wit 
The term chemically capped is used to denote a prac- 


tice wherein the action of a poured rimming ingot 


- | ' 

‘ 


is completely suppressed by the addition of a strong 


deoxidizer, such as aluminum or silicon. The pro- 
duct might be described as rimmed steel stabilized 
after a predetermined rimming period. The term 


aluminum capping, as used by the author, pertains 


to a practice of killing the core of a rimming ingot 
after the rim action has been allowed to progress 
for about 3 min 

In mid-1957, experimentation was begun at Jones 
& lLaughlin’s Cleveland works with aluminum- 
capped steel. Initial development work was on the 
basis of single ingots. Moving carefully, and not 
without problems in developing an optimum de- 
oxidation practice, production was increased to a 
full-heat basis. A review of the mill processing of 
the first 50 production heats indicated that cold- 
rolled sheet produced with aluminum-capped steel 
was equal to or superior to regular rimmed steel 

In the fourth quarter of 1958, it was decided to 
incorporate the results of previous studies made on 
this grade of steel into one comprehensive compari- 
son of the two steelmaking practices. In order to 
accomplish this, two adjacent parts of ingots were 
selected from the same deep-drawing rimmed heat 
The first ingot in each pair was permitted the normal 
rimming interval prior to conventional plate and 
water capping. The second ingot in each pair was 
aluminum capped for comparison 

The first pair of ingots was split, drilled for 
check analysis, and macro-etched, to permit an 
evaluation of segregation characteristics and poros- 
ity patterns. The second pair of ingots was processed 
into cold-rolled sheets to permit a comparison of 
sheet properties. This study included the following 
considerations: chemical homogeneity, ingot sound- 
ness, ingot-to-slag yield, sheet surface quality, sheet 
physical and chemical properties, and sheet micro- 
structure. Details of all of these tests are given in 
the paper 

The authors go on to point out that custome! 
fabrication of some 120,000 tons of aluminum-capped 
steel into deep drawn parts has conclusively proved 
this product to be quite satisfactory in the field 
3ased on these favorable results, production has 
steadily increased from 10,000 tons during the ex- 
perimental period of 1957, to 79,000 tons for the 
first half of 1959 

Aluminum capping has afforded a sounder ingot, 
with an increased product yield on the order of 
2 pct. The porous, segregated ingot tops, character- 


of 


regular rimmed products, are minimized 


without losing the rimmed steel surface advantage 

The harmful effect of sulfur segregation on draw- 
ability has been one of the most serious drawbacks 
of rimmed steel. With aluminum capping, the degree 
of sulfur segregation has been substantially reduced 
being only one-third that found in a 
rimmed ingot. This practice has virtually eliminated 


normally 
the segregated core characteristic of sheet product 
from the top 35 to 40 pct of a rimmed ingot, and 
although somewhat finer grained, the aluminum- 
capped product has 
chemical properties. As a result, aluminum-capped 


steel has made it possible to reduce top-cut discard- 


more uniform physical and 


ing on some of the more severe stampings 


The visitations 


Plant trips were scheduled for Wednesday, April 
6th. Registrants had a choice between the Indiana 


Harbor plant of Inland Steel Co. o1 the Riverdale 
plant of Acme Steel Co 


Acme Steel 

At Acme Steel Co., the new 
and oxygen steelmaking facilities were visited, This 
new mill has been designed to produce 450,000 tons 
of ingots per year. It is equipped with two cupolas 
and two LD vessels, which are rated at 50 tons 
capacity, but actually produce about 70 tons-per- 
heat. Production is at the rate of 20 heats per day, 


hot-blast cupola 


averaging 75 tons-per-hi 

Acme is a strip steel producer, and residuals must 
be watched carefully. Usually 40 pct iron is charged 
into the cupolas. This may consist of only 20 pet 
pig iron, with the remainder car wheels or briquetted 
cast-iron borings or turnings. The 60-pct steel scrap 
charged consists of revert scrap, bundles, and #2 
heavy melting scrap. No ferroalloy 
The coke usage is approx 13 to 14 pet of the metallic 
charge, and the slag volume is between 5 and 8 pct 
Lime: silica ratios run from 1.4 to 1.8, depending 
upon the amount of desulfurizing required. Sufficient 
fluorspar is used to obtain a fluid slag 

More than 1100 heats have been made in the LD 
vessels. No heat has been scrapped, and there is no 
off-grade ingot inventory. All grades of 
steel, which are customarily produced in an open- 
hearth, have been produced. Rimmed, semi-killed, 
and hot-top ingots are made with carbon running 
from 0.05 to 1.00 pet. Some steel with 1.40 pet Mn 
has been made, and fully-killed aluminum steel 1s 
common, Steel quality has been good, A little scarf- 
ing is required on the slabs, but none on the billet 
which are rolled directly from the ingot 

The laboratory is very close to the furnaces. It 


are charged 


carbon 


has a 20-dial, direct-reading spectrograph, and there 
is rapid volumetric equipment for carbon and sulfur 
determination. Iron samples normally are run every 
hour, and cupola slags are run every 2 to 3 hour 
At least one preliminary analysis is made on every 
heat of steel 

Furnace linings have been lasting from 100 to 
150 heats, but it is expected that this will improve in 
the near future 


Inland Steel 

At Inland Steel Co., visitor 
the sintering plant, which includes a new Dwight- 
Lloyd machine designed to treat 4000-tpd of ore 
fines. In addition to the new strand, the 
contains two 6-ft wide machines capable of making 


were shown through 


inter plant 


2200 tons of sinter per day. The new unit is 8 ft wide 
and 168 ft long with 1344 sq ft of grate bar area 
and has 21] windboxes. It is located north of the 
existing plant on new fill, formerly part of the 
boat turning basin 

The hosts provided an opportunity for visiting 
the blast-furnace plant before treating their guest 
to luncheon 


Homeward bound 


Thus, 
one day of plant visits, to say nothing of outside 
glimpses of Chicago, registrants to the 43rd Con- 
ferences of the National Open Hearth Steel Con 
nittee and the Blast Furnace, Coke Oven, and R 
Materials turned their sails te 
home a little tired but feeling that 


after two days of technical meetings and 


Committee 
had been to a good meeting 
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Phases and 


Processes 


HIGH-TEMPERATURE METALS 


by C. A. Krier of Battelle Memorial Institute 
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different meaning to 


mom manner! te 


ngely demanding 


i metal-hungry 


Reviews and Trends 

expansion 
pro- 
new 


co truction and 


ind processing plant 
consumption, prices 


nts, and general forecasts 


najor and minor metals 


recently were given by specialists of 

the US Bureau of Mines and leaders 
ri industri Data on the 

if the refractory 

ted abo from the MAB 

extraction pro- 
Jaffee 


occurrence, 


metals 


current 
ummarized by 
viewed the 
inusual processing re- 
and applications of rare 
er summarized _ the 
ting properties, 
ind possible future uses 


intere 
Technical de- 
and trends were sum- 
Franklin’, and 


reviewed roast 


metal 


Coffer 
Dannatt 
hydrometallurgy 
and solvent extraction in 
0) years of extraction 
Relatively books 
ing on extractive 


new 


fluidiza- 
Chemistry and 

n by Hopkin 
urgy by Newton 
high 
inded and sometimes re- 
or potential user 
These 


are usually in- 


ide two on 


and 


and purity are 
the use! 


peri I n 


being done 
effi- 
and 
fewer! 
metal 


research 
ne processt more 
new 
process¢ with 

the ore to the pure 
the product traditionally 
vided the 


oO develop 


timulus to do re- 

chemists, and 
feverishly at 
higt 


ve coil 


velor -strength 


non-oxidation resis- 
tant alloy of the 
When the breakthroughs are made 
the product is ex- 


refractory metals 


reater than at 
for tungsten 


and colum- 


ductility in 


and 
ductility 1 key to ease of fab- 
hardware 
involved 


many of the refractory metal 


ricability into usable 
There are 
extracting the metals to a 

and 2) maintaining their 
purity during and after processing 


into the desired products. The second 


two problems 
here l 


pure tate 


is being overcome in several 
with perhaps the ad- 
vanced and recent solution being 
the fabricating mill enclosed in an 
argon-filled room being built by Uni- 
versal-Cyclops Steel Corp. for the 
Navy jureau of Aeronautics.* 
Electron-beam processes“ recently 
have given much of the task 
of refining pure metals to a purer 
state. About two years ago these 
processes were a laboratory curios- 
ity; today they are being used for 
production. Most of the columbium 
now produced, for example, 
is melted in electron-beam furnaces 
Early in 1959 Wah Chang Corp 
purchased an electron-beam furnace 
from Stauffer-Temescal Co.; in Sep- 
1959, plans were announced 
econd furnace. A dozen 
hard at work explor- 
ing other commercial possibilities 

Alloyd Research Corp under 
contract with the Navy's Bureau of 
Aeronautics,* has been doing re- 
production of high- 
tungsten, and 
hydrogen reduction 
halides. Chro- 
under study 


problen 


ways most 


been 


being 


tember 
to install a 


companies art 


arch on the 
purity molybdenum, 
tantalum by the 
f 


miun also ha 


respec tive 
been 


Extraction Processes and 
Research 

Super-pure (99.997 
metal, lochrome, is 
an iodide decomposi- 
tion developed by Battelle 
Men Institute under sponsor- 
ship of Chilean Nitrate Sales Corp 
acquired by Chromalloy 
tensile ductility of 44-pct 
and 78-pct reduction in 
area was obtained in a room-tempera- 
wrought material from 
an arc-cast ingot of Iochrome. High- 
purity chromium is useful in the 
development of higher chromium 
super alloys 

Columbium: The market for co- 
lumbium appears to have potential 
growth in the next 
rate of growth will 
on the results ob- 
abundance of re- 


Chromium: 
pet) chromium 
being made by 
process 


orial 


and now 
Corp A 


elongation 


re test on 


content 
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search currently being done to 
overcome the problem of high-tem- 
perature oxidation and to develop 
high-strength alloys and fabrication 
techniques’. Sandor” estimated the 
future prospects of columbium and 
reviewed some results from recent 
research. The recent book by Mille 

on tantalum and columbium gives a 
very comprehensive coverage of the 
includ- 


technology of these metal 


ing processing methods in going 
from the ore to metal 

In anticipation of future use, the 
Du Pont Co 
on 4500 acres of land near Powder! 
horn, Colo 
bium in the form of pyrochlore 
The truly vast reserves of colun 


ecured mining clain 


which contains colun 


bium are in the form of pyrochlore 
which ha been very difficult to 
beneficiate. Kennecott Copper Corp 
is working on a proces to unlock 
pyrochlore deposit The proces 
described in US Patent 2,875,896, use 
-quinolinol flotation reagent in 
flotation to upgrade the ore. Starting 
with an upgraded ore pulp contain- 
ing 2.36 pct Cb,O Kennecott ob- 
tained a concentrate with 9.72 pct 
Cb.O, with an 88 pct recovery. Ac- 
cording to Kennecott, the proce 
proved successful on a pilot scale 
Sims" reported that Wah Chang Corp 
and St. Lawrence Mines Ltd., also 
are believed to have commercially 
feasible separating 
columbiurn from pyrochlore. Chak- 
ravarti and Prince reported re 
search on the effectiveness of chlo- 
rine gas and carbon tetrachloride in 
the extraction of columbium from 
pyrochlore (CaNaCb,O,(F,OH)) de- 
posits. Thermodynamic calculation 
also were reported 

K. C. Li, President of Wah Chang 
Corp., at the 1960 AIME Annua 
Meeting in New York announced the 
discovery of a huge deposit of ap- 


orocesses for 


proximately 7.5 million tons of con- 
tained columbium in Araxa, Mina 
Gerais, Brazil. According to the an 
nouncement, a unique and simple 
mechanical process ha been d 
covered for mulling the ore to 
grade of over 70 pct Cb,O 
Rolsten 
of the iodide process for 
columbium. The rate of depo 


thermal 


investigated the 


of columbium by the 
composition of columbium iodides or 
an indirectly-heated quartz surface 
was studied a) with deposition t 
peratures from 750° to 1100°C 
with feed material temperat 
from 240 to 470°C, and « 
crude columbium with different 
face areas 

Plans for the US Bureau of Mine 
1959-1960 fiscal year included 1) 
celerated columbium-tantalum 


search to probe low-grade domes 

raw materials as sources for the tw: 
2) expansion of Kroll-p 

cess bomb-reduction anda f 

salt electrorefining studie ; 

new work on preparing columbiun 

by thermal decomposition, using 


method sim 

iodine pt 

Hafnium: T of hafmiun 
metai if Wal Chang 
production has been improved by a) 
passing iafnium tetrachloride 
vapor 1rough ised salt (NaCl 


commercia 


ore reduction by the 
and b m 
into 


fieation via 
that the hafniun sponge 
iced can be melted directly t 
without going through jodide 
ition. Electron-beam melting 
the oxvgen content to 100-400 
ppn 
Molybdenum: nillion-dollat 
plant for open-pit n ing an esti 
million tons o wilybdenut! 
go into operation in central 
y the end of 1960, accord- 
ng to. the engineering firn of 
Mazzacurati and Giacomelli of Rome 
Estimated worth of the molybdenite 
ore 1 approximate ly $800 million 
It has reported that the or 
grade average between 0.5 and 0.6 
molybdenun 
molybdenum plant at the Chu 
if Chile Exploration 
of the Anaconda 
ile, has been put in 
operation producing molybdenite 
concentrate from the copper con 
centra is put agait 
im the 
tion 
Under ponsorship of the Nava 
Jureau of Ordnance,* Oregon Metal- 
lurgical Corp. successful caled-up 
to the semi-pilot plant stage the tin 
reduction of molybdenite. The pro- 


ybdenun produ 


ct based on the Nachtman-Pool 
patent is reports d to produce low - 
carbon 
metal™ 


Climax Molybdenum Co. reported 
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nolybdenum of high purity car 
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Platinum-Group metals: Much 
activity exist concerning use of 
the platinum-group metals, but 
ittle has been reported on new ex- 
traction developments. Of the six 
metals in the group, four are refrac 
tory osmium, iridium, ruthenium, 
and rhodium. Domestic sale to con- 
suming industrie of these four 
metals increased 50 pet in 1959 over 
that 1958. R. |. Jaffee and asso- 
ciates of Battelle Memorial Institut 
have been carrying out an extensive 
research program for the Office of 
Naval Research on the high-tempet 
ature propertse and alloying be 
refractory platinum 
group metals. Electron-beam refin 
ing is being used to prepare pure re 


earch material Jecause of limited 


havior of the 


abundance, these metals can be con 
idered only for specialized apph 


cations. However, as demand is in 
creased by research, activity in min 
ing and extraction should increase 
Rhenium: The availability, recov- 
ery, and properties of rhenium were 
presented by Campbell, Rosenbaum, 
and Gonser”. This metal is inher- 
ently rare and probably will con- 
tinue to be expensive. However, it 
extremely high melting point and 
good metal properties indicate a 
growing use for those application 
where a relatively high cost can be 
tolerated The flowsheet of the 
Kennecott Copper Corp. process to 
extract rhenium from molybdenum 
ulphide concentrate was given in 
US Patent 2,809,092. An ion-ex- 
technique is used, Advan- 
claimed include greater re- 


single-stage 


change 
tages 
covery of rhenium, 
roasting, low-cost recovery of rhen 
ium as a by-product at existing oper 
ations, and production of rhenium 
compounds of high purity. The pro- 
furnishe NH.ReQ, to Chase 
ass and Copper Co., where the 
alt is reduced with hydrogen and 
the resulting metal is processed to 
wrought rod, wire, and strip 
Scandium: Newest of the exrotu 
candium (a relative of 
yttrium in the periodic table, Group 
Il] B) with a specific gravity of 3 
(comparable to that of aluminum) 


metal is 


and a melting point of 1550°C (about 
2-'» time that of aluminum). It 
from thortveitite, a mineral 
which contains about 40 pet scan 
dium oxide, St. Eloi Corp. extract 
G9 pet pure oxide from this min 
eral by ion exchange. Over 99 pct 
candiun produced by 1) 
dry-fluorination of the oxide, 2) re- 
duction of the fluoride with calcium 
it 1400°C, 3) vacuum distillation at 
about 1600°C, and 4) arc melting 
Union Carbide Metals Co., under 
ontract with the Air Force, wi 
the physical, mechanical 
nical properties of scandiur 
is estimated that the 1 Ib of tt 
pct pure metal for investigat 
cost to produce 
Tantalum : Baughmar I Tay 
lor of Fansteel Metallurgical Corp 


come 


metal 1 
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denum metal powder by a4 
ingle-stage reduction of moilyb- 
denum oxide at high temperature 
According to the announcement Fhe 
creases the rate of molybdenur 
production by a factor ot 
2 jes over the rates obtainable 
i DY practice 
i 
5 
2 
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reported on the preparation of tanta- 
lun metal by elective olution 
Commercial potassium fluotantalate 
is reduced with molten aluminum to 
produce TaAl,. The aluminum then 
is removed with molten copper. The 
resulting tantalum powder is mixed 
with copper, and by powder metal- 
lurgy, made into good bars heet, 
and foil 

Torti” reported work on the puri- 
fication of commercial tantalum 
powder by a single, vacuum, con- 
umable-arc melting operation. In- 
got of considerably higher purity 
than the original powder were ob- 
tained. The effect of carbon addition 
to an oxygen-rich starting material 
was investigated, and the optimum 
C:O ratio for maximum refinement 
was located, approximately. Under 
favorable condition the oxygen 
content wa reduced by approxi- 
mately one order of magnitude 

Klopp, et al” of Battelle reported 
on the purification of commercial 
purity tantalum powder by vacuum 
intering in the temperature range 
of 2600° to 2860°C. Mixtures of TaC 
and Ta.O, and tantalum powder con- 
taining intentional oxygen, carbon, 
and nitrogen addition also were 
tudied. The mechanism for removal 
of each impurity, and the conditions 
necessary for preparing ductile tan- 
talum by vacuum sintering were dis- 


Substantial price reduction of 
high-purity tantalum 1 expected 
for a new proce leveloped by Aries 
Associate The proce is reported 
to bypa the conventional fluoride 
reduction and purification processe 
and to produce a high-purity halide 
that can be reduced directly by elec- 
trolysis or a Kroll-type system. First 
plant to use the process has been 


built in Japan. Aries believes the 


proce will be applicable to othe! 
retractory metal 

Tungsten: Tietz, in this column 
(November 1959) reviewed cur- 


rent research on tungsten, with em 
phasis on the metallurgical proper- 
tie It wa repo ted that the US 
Bureau of Mines has five stations ac- 
tively engaged in research programs 

ected toward production § and 

iluation of high-purity tungsten 


‘adra con prehen ively ummar- 
ed milling practices and chemical 
treatment method ncluding flow- 


heet ised at most of the mah)or 


i i at a number of smaller domes- 


t tungsten operation Production 
ase ‘ tungsten metal and 
j 


Nieberlein and Kenworthy” of the 
US Bureau of Mine have made 
tungste! netal in massive form on 
a laborat v-scale by hydrogen re- 


duction tungsten hexafluoride at 
600°C. Met nade in this manne 
had a purit f 99.99 pet or better 
with reference t letectabl 

purities, including gast rolerance 
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for a wide variation in operating 
condition wa re ported Efficiency 
of the proce varied from 91 to 97 
pet, based on the quantity of WF 
consumed 

Zadra and Gome of the US 
Bureau of Mines produced 99.7-99.9 
pet tungsten metal by electrolysis 
of scheelite (CaWO,). In the process 
cheelite is dissolved in a fu ed al- 
Kali phosphate or borate bath with 
odium chloride added to flux the 
CaO and increase fluidity. Optimum 
bath temperature varies from 1740 
to 1920°F, and current density ranges 
from 9 to 53 amp per sq ft. Power 
consumption averages 1 to 2 kw-hr 
per lb of tungsten produced 

The US Bureau of Mines station 
at Albany, Ore recently reported 
on the preparation of soft tungsten 
by bomb reduction of tungstic oxide 
with calcium. Enough heat was pro- 
duced in the reaction to melt the 
tungsten that was formed. The crys- 
tal size was reported to be many 
times smaller than crystals produced 
by are melting. The metal, which 
was almost pure tungsten, was ham- 
mer forged at 900°C to 70 pct of its 
original thickne When it was re- 
melted by tandard methods, the 
oft tungsten converted to ordinary 
tungsten 

A flowsheet for the Union Carbide 


Nuclear Co. proce for producing 
molybdenit and copper concen- 
trate molybdenum trioxide, cal- 


cium tungstate ind high-purity am- 


monium paratungstate was pub- 
hed recently It is reported that 
the process includes a solvent ex- 


traction step, and ts the first process 
to prepare a pure tungstate directly 
from scheelite ore 

Vanadium: Five US Bureau of 
Mines experimental stations and 
laboratories were scheduled to do 
research on vanadium during 1960 
Studie planned include 1) pre- 
paration of vanadium compounds for 
reduction to high-purity metal, 2) 
electrorefining in fused-salt baths to 
produce high-purity metal, and 3) 
effects of impurities on the proper- 
ties of the metal and its alloys 

Merrill”, in his paper on ductile 
vanadiun reviewed the extractive 
metallurgy of vanadium from the 
re to high-purity metal 

Yttrium: General Eectric Co. per- 
sonnel reported on the properties, 
fabrication, and potential uses of 
yttrium”. Although yttrium is not a 
refractory metal, its use as an alloy- 
ng agent is indicated for high-tem- 
perature applications in atomic 
power plants and aircratit Three US 
Bureau of Mines reports describe re- 
search on the extractive metallurgy 
of yttrium and rare-earth elements 
from euxenite High-purity yttrium 
is made commercially by reducing 
high-purity fluoride or 
chloride with purified lithium or cal- 


yttrium 


cium. Research quantities of highly 
purified yttrium have been made by 


tarting with relatively pure metal 


and then using vacuum distillation 
or solid-state electrolysis 
* Bureau {f Aeronautics and Bureau of 


Ordnance combined to form the Bureau f 
Naval Weapons 
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AIME STAFF: 
SECRETARY 


ASST. SECRETARIES 


“CARMAN 


ASST. TREASUBER 


Division Officers 
for 1961 Nominated by 
Metallurgical Society 


Committees of 
Division, Ex- 


The Nominating 
the Iron and Steel 
tractive Metallurgy Division, and 
Institute of Metals Division have 
submitted their nominees for officers 
and Executive 
to serve in 196] 


Committee members 


ISD 


Iron and Steel Division nominees 
to begin service in February 1961 
following the AIME Annual Meeting 
are: Chairman, Gerhard Derge, Car- 


negit Institute of Technology 
Chairman-Elect, B. M. Larsen, U.S 
Steel Corp.; Executive Committee 
member (1961-1964), R. D. Hind- 


on, Steel Co. of Canada, and D. R 
Jones & Laughlin Steel 
Corp.; Executive Committee mem- 
bers (1961-1963), T. F. Olt, Armco 
Steel Corp., and J. F. Elliott, Massa- 
chusetts Institute of Technology 


Loughrey 


EMD 


The Extractive Metallurgy Divi- 
sion nominees are: Chairman, Rich- 
ard C. Cole, Vitro Chemical Corp. of 
America; Chairman-Elect W. R 
Opie, National Lead Co.; Secretary 


R. W. Shearman: Treasurer, T. D 
Jone American Smelting & Refin- 
ing Co. Executive Committee Offic- 


ers (1961-1963): T. I. Moore, Amer- 
ican Zinc Co. of Illinois; and H. W 
St. Clair, US Bureau of Mines 


IMD 


Division 
Chairman 
J Battelle Men 
Institute Senior Vice Chairman 
David Swan, Linde Co.: Vice Chair- 
nan, Raymond L. Smith. Michigan 
College of Mining and Technology 
Secretary-Treasurer, D. C. John- 
ston. Those to serve on the Execu- 
tive Committee for three-year terms 
are: W. A. Backofen, Massachusetts 
Institute of Technology; Julius J 
Harwood, Office of Naval Research: 
and F. L. Vogel, Jr Radio Corp of 
America 


orial 


METALLURGICAL SOCIETY STAFF: 


SECRETARY © 


Nominate Karl L. Fetters 


as 1961 President-Elect of 
The Metallurgical Society 


Karl L. Fetters has been nomi- 
nated Vice President and President- 
Elect of The Metallurgical Society 
for a one-year term beginning 
February 1961, according to W. A 
Dean, Chairman of The Metallurgi- 
cal Society's Nominating Committee 
Dr. Fetters automatically becomes 
President of the Society in 1962 

The Society President-Elect is 
vice president of research and de 
velopment, The Youngstown Sheet 
and Tube Co. His biography appears 
under Directors, p. 579 

The ISD’s nominees also include 
Gerhard Derge (for a one-year term 
as ISD Chairman beginning Febru- 
ary 1961) and Harold B. Emerick, 
Director of The Metallurgical So 
ciety for a three-year term begin- 
ning in 1961. Mr. Emerick is already 
on the Society’s Board, his current 
term expiring in 1961, however 

Dr. Derge is professor of metal- 
lurgy, Carnegie Institute of Tech- 
nology, and is editor of TRANSAC- 
TIONS OF THE METALLURGICAL SOCIETY 
or AIME. He will also serve on the 
Society Board for one year 

Mr. Emerick i 
nical services for 
Steel Corp 

Nominations to the Nominating 
Committee of The Metallurgical So- 
ciety from the ISD are: B. R. Que- 
neau, U.S. Steel Corp. (1961-1962); 
and T. D. Hess, Youngstown Sheet & 
Tube Co. (1961-1963) 

The Extractive Metallurgy Divi- 
proposed the following 
nominees: Richard C. Cole, Vitro 
Corp. of America, 1961 Chairman 
and A. E. Lee, Jr., Director of The 
Metallurgical Society for a three- 
year term beginning February 196] 
Mr. Cole is vice president in charge 
of manufacturing for Vitro Chemi- 
cal Co. and a vice president of Vitro 
Minerals Corp. Mr. Lee is technical! 
director of the Amco div., American 
Meta!-Climax, Inc Mr. Cole will 
serve a one-year term as Director 
of The Metallurgical Society coin- 
cident with his chairmanship of the 


EMD 


director of tech- 
Jones & Laughlin 


sion has 


K. L. FETTERS 


Nominees to the Society Nominat- 
ing Committee from the EMD for a 
one-year term beginning February 
1961 are: A. E. Lee, Jr.. American 
Metal-Climax, Inc.; Bruce Gonser 
Battelle Memorial Institute; and H 
W. St. Clair, US Bureau of Mines 

The Institute of Metals Division 
nominees are J. H. Jackson for 1961 
Chairman, and W. J. Harri Jt 
Director of The Metallurgical So- 
ciety for a three-year term. Mr 
Jackson also will serve on the Board 
for a one-year term coincident with 
his chairmanship. He is manager of 
the Department of Metallurgy, Bat- 
telle Memorial Institute. Dr. Harris 

executive director of the Mate- 
rial Advisory National 
Academy of Sciences-National Re- 
earch Council 

Named to the Society Nominating 
IMD for one-year 
terms, beginning in February 19¢ 
are: C. S. Barrett, University 
Chicago; W. R. Hibbard, Jr., ¢ 
eral Electric Co.: and T. A 
University of Illinois 

For AIME nominations, turn the 
page. 


Committee fron 
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L. E. ELKINS 


Elkins ha been nomi 
AIME President 
Elect issuming the presidency i: 
1962 Nor nated by the Society of 
Petroleur Engineer Mr Elkin 
will hold the office of AIME Presi 
dent-Elect in 196] 


Mr Elkin 


Lloyd E. 


nated to serve as 


production research 


been employed by Pan American 
nee his 1934 graduation from the 
School of Mine starting 
i roustabout and assuming hi 
present position in 1949. An 
\IME member ince 1938 Mr 
Elkins offices have been too numer- 
ere Most recently he 
as chairman of the Committeee to 
incial A tance to Sub- 
chor ind the Swan Report He is 


rently Chairman of the 


Vice Presidents 


Carleton C. Long, director of re 


ear ! melting div., St. Joseph 
Lead ( ha been nominated to 
serve a t ! is Vice Pre 


ident of f 
1960 President {f The Metallurgica 
Society and i Director « 
AIME. A memb« f the AIME since 
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Cc. C. LONG 


1937, he has long been active in In- 
titute activitie Dr Long was 
Chairman of the Lead-Zin« 
mittee in 1948 one of the found- 
ers of the EMD and its Chairman in 
1950 Chairman of the Metals 
anch Council (1951) AIME 
Directo (1954-1957) (1959-1962 
and Chairman of the Douglas 
Award Committee in 1956 
Dr. Long joined St. Jo eph Lead 
Co. just after receiving his doctor- 
ate from the University of Colorado 
in 1935. His first assignment was as 
a research engineer with the Joseph- 
town smelter of the zine melting 
aly Monaca Pa He was made 
director of the plant research dep 
it Josephtown in 1937, and from 
here assumed his present position 


Com- 


John S. Smart, Jr. is the second 
representative of The Metallurgical 
Society serving as an AIME Vic« 
President. Mr. Smart is currently, 
Vice President and President-Elect 
of The Metallugrical Society ana 
automatically Society 
President in 1961. He is also a Di- 

the AIME Board 

Mr. Smart joined the American 
Smelting & Refining Co. in 1936 as 
a research metallurgist. He next be 


pecomes the 


recto! on 


came supt. of copper development, 


J. S. SMART, JR 


asst. to the vice president and direc 
tor of research, asst. director of re- 


current position 


i genera ale manager! M: 
Smart research interests have in 

ided the preparation and proper- 
ties of high-purity copper ef- 
fects of impurity additions and 


the development of continuous cCast- 
ng proce t for bronzes and com- 
mercial type of copper 

Mr. Smart’s AIME activities i 
clude the 1954 chairmanship of the 
Rossiter W. Raymond Award Com- 
mittee. He was on the receiving end 
of the IMD Award in 1948 now 
called the Mathewson Gold Meda 
In 1955, he was the Annual Lecturer 
of the Australian Istitute of Meta! 


Arthur B. Cummins, President of! 
the Society of Mining Engineers for 
1960. has been nominated for the 
post of AIME Vice President for 
one-year term beginning February 
1961 

Professionally, Dr. Cummins 1 
manager of the Central Chemica! 
and Physical Research dept., John 
Manville Research Center Recog- 
nized internationally as an authority 
in mining asbestos, mineralogy, and 
filtration, Dr. Cummins holds 17 
patent 

He nha been an AIME 
member Ince 1936 erving on and 


heading various mining oct 


committees 


A. B. CUMMINS 


Jerome W. Woomer, Past-Pre 


dent of the Socety of Mining En- 
ginee! it econd nominee for 
AIME Vice President. His term wil 
me yeal 


Mr. Woomer has his 


own consu 


g fir: J. W. Woomer & Associ 
ate but his career has reached a 
eve the ing industry, fre 
aay iborer t ine anage! 

Long a re of the Societ of 
Mining Engineer ( il Div or 
M W er wa t 1958 Chan i 
He i active in everal othe 

cieties 


nnounce Nominations Tor S icers ; 
7 a n 
rd 
4 
ai 
By 
‘ 
director for Pan American Petro- ‘ 
leur Cort Tulsa O} has 
— 
Mambo: Gift Campaign for the 


J. W. WOOMER 


ae Wayne E. Glenn, the 1960 Pres: 
; dent of the Society of Petroleum 
Engineers, is a presidential 
candidate fron the Society of 
Ss Petroleum Engineers. His term be- 
gins February 1961 
Professionally, he is production 
4 manager for Continental Oil Co., 
vhich he joined in 1939 
His service to the Petroleum So- 
sot ciety includes the posts of Chair- 
man, director, and section delegate 
for the Pacific Petroleum Chapter 
director of the Denver Petroleun 
ection: and member of the SPE 
Board of Directors (1957-1958) 
John S. Bell, production manager 
of the Gulf Coast div.. Humble Oil 
& Refining Co., is the second vice 
presidential candidate from the So- 
ciety of Petroleum Engineer He 
: vas the 1959 President of the So- 
: ciety, and was previou ly Chairman 
* of the Society Production Engi- 


1953-1955) He 
Council 


neering Committee 
has been a member of the 
f the Pacific Petroleum Chapter 
Chairman of the AIME Non inating 
Committee and is now Chairman 
f the SPE Nominating Committee 
Mr. Bell has been with the Hum- 
ble company since 1933 oon after 
in petroleum en- 


fror the University of 


GLENN 


Directors 

Karl L. Fetters, in addition to be- 
ing nominated Vice President and 
President-Elect of The Metallurgi- 
cal Society begins a_ three-year 
term as an AIME Director in Febru- 
ary 1961 

Dr. Fetters was the 1958 Chair- 
man of the Iron and Steel Division; 
he was also Chairman of the Divi- 


sion Nominating Committees in 
1959. A member of the AIME since 
1937, } profe onal career began 


in 1933 with the National Tube Co 
He was with the Youngstown Sheet 
ind Tube Co. from 1936-1938, then 
returned to choo receiving his 
Ph.D. from Massachusetts Institute 
of Technology in 1940. He went back 
to Youngstown Sheet and Tube for 
then taught at Carnegie In- 


i Vea! 
stitute of Technology for two year 
before resuming his association with 


Youngstown Sheet 


COLE 
Richard C. Cole | the 


member of The Metallurgical So- 
ty to be nominated to the AIME 


30oard of Directors for a three-year 


second 


term. Mr. Cole is vice president in 
charge of manufacturing for Vitro 
Chemical Co. and a vice pre ident 
of Vitro Minerals Corp. He was witt 


the American Smelting & Refining 
before joining Vitro 
When he joined the Corp. in 1954, 


ir. Cole was named manager of the 


J. S. BELL 


Uranium processing 
plant in Salt Lake City. He was 
made vice president of Vitro Ura- 
nium in 1957, and president in 1959 
When Vitro Uranium in 1959 be- 
came part of the newly-formed 
Vitro Chemical Co., he became vice 
president of the new firm 


Cc. L. WILSON 
Clark L 


a three-year term a 


Wilson, who will begin 
AIME Director 


from the Society of Mining Engi- 
neers next February, is Chairman 
of the Emergency Lead-Zine Com- 


headquartered in Washing- 
ton, D.C. The Committee represents 
the interests of more than 100 com- 
panies engaged in lead and zine 
mining in the US 

Prior to assuming his new duties 
Mr. Wilson was vice president and 
manager of operations for the New 
Park Mining Co 

His AIME association dates from 
1935. and in 1936 he won the Utah 
section's student paper award. He be- 
came the Chairman of this same 
Utah section in 1953. Mr. Wilson's 
other offices are too numerous to 
mention 


mittee 


William B. Stephenson is the So- 
ciety of Mining Engineers’ second 
nominee for a three-year term on 
the AIME Board of Director Mr 
Stephenson 1 also the Society’ 
President-Elect for 1960. to assume 
the presidency in 1961 


W. R. STEPHENSON 
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B. Gilmore is the Society 
um Engineer nominee a 
ector Hi tern will begin 
iry 1961. Mr. Gilmore is 
” vice president and di- 
DeGolyer and MacNaugh- 
llas, Tex. Prior to joining 
iny in 1941, he was with 
Oil Co 
tive in petroleun ocrety 
he was Petroleum Branch 
in 1955 jranch Trea 
150 Chairman of the 
1 Review Committee in 
Chairman of the Ex- 
mmittee in 1956 and 


of the 
o in 1956. I 


pre 


Sherman-Hoff 


AIME m 


J 


1946 
Past-Chairr 


iI 


‘ 


nm 


le 


R. B. GILMORE 


in of the 
iV on He 
the Inter- 
Agglomera- 


p 


4%) 


ident 


ump 


Mr 


hia April 


prese 


AIME Endowment 


er 


Ste- 


Nominating Com- 


ntiy 


The econd AIME Director repre- 
enting the Society of Petroleur 
Engineer vill be the 1962 President 
f the Society. The SPE Nominat- 

Committee will announce his 

me in the fall and he vill become 

il AIME Director tarting a three- 
ear ter February 196] 

It addition t the nceoming 
flice ind directors listed on the 
preceeding pages, the following in- 

lua now on the Board wil 
erve in these capaciti after the 

nual Meeting in February 1961 

Pp lent of the AIME for 1961 


AIME I 
Austin 


Metallur; 


bend and 
Mining Er 
and 
Petroleum 


more 
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rector for 
Johr ( 
society R 
igines H{ 


E. M 


Engines 


1960 


AROUND 
THE SECTIONS 


Lehigh Valley section's Executive 
Comn met prior to the Section’'s 
Annual Spring Dinner-Meeting April 
15th. The Hotel Bethlehem 
in Bethlehem, Pa., brought 


ttee 


meeting 
the 


out 


fact that the Section has surpassed 
ts United Engineering Center goal 
by $1453. The goal was $3100; at 
neeting time $4553 had been col- 


ected from 44.03 pct of the member- 
$38.58 per 


hip, or an average of 


member. Congratulations' 


The Section’s annual! Dinner-Dance 
was held May 27th at the Berkshire 
Country Club, Reading, Pa. R. W 
Sleeman, section chairman, presided 
over the evening's festivities attended 
by 122 members, and guests 
The Section will next meet in 
September, and a field trip to the 
Grace Mine of Bethlehem Cornwall 
Corp., Morgantown, Pa., is first on 
the chedule 


ladies 


nnual Presi- 


Chicago section's 


dent's Night Dinner Dance wa 
graced by the presence of Joseph L 
Gillson and hi wife Gracie The 
Gillsons received the Section mem 
bers and their wive prior to di 
ner and dancing at the South Shore 


Country Club May 7th 


section had as its Presi- 
R. McNaugh 

AIME. Mr 
Metal- 


St. Louis 
dent Night speaker R 
tor President-Elect of 
McNaughton, n 


anager of the 


lurgical div., Con idated Mining & 

Smelting Co. of Canada Ltd poke 

yn Canada and Canadians. The May 


13th dinner-meeting was held at Le- 
Chateau in St 
May 18th 
film de- 
copper 


iged by 


San Francisco section on 
viewed Toquepala Target, a 
large porphyry 


soutne 


picting the 
rn Peru man 
Smelting & Refining 


deposit in 


the American 


Co.. and in which Cerro de 
Phelps Dodge and Newmont are 
participants 

Arizona smelting div. technical 
subdivision of the Arizona section 
met on May 7th in Superior, Ariz. A 


total of 60 persons turned out for the 


three-speaker program. E. J. Cald- 
well, Magma Copper Co., spoke o 
Magma s Suspended Are h L Pp 
Klein, Phelps Dodge Corp., talke« 
on Gaseous Refining of Blister Cop- 
while J. H. Davis 


per alse 
Dodge described Reformer Auto- 
mation tm Connection eu! Gaseou 


Refining of Blister Copper 

York section s Physical 
urgy Group listened to F. D 
Rosi, Radio Corp. of America, dur- 
ng its May 17th meeting. Dr. Ros 
spoke on Some Aspect oT 


New 
Metall 


chairman 


Reed, Southeast section 
right has a word with feature d spe aker 

D. G. MacDonald 

giving a compre- 


ductor Metallurgy 


hensive account of the present state 
if the art. The audience of 40 heard 
a discussion of the properties which 


influence semiconductor perform- 


chemical purity 


controlled 


sucn a 


perfection 


iddition of impuritie and 
thermoelectricity 
Southeast section met in_ the 


as Jefferson Hotel in Birming- 
on April 28tl to hear Donald G 
MacDonald, Southern district man- 
ager. E. I. du Pont de Nemours & 
Co.’s extension division 

Speaking on the topic From Re- 
Reality. Mr. MacDonald 
that “Every new dilis- 


naunting stion 


Thon 


han 


earch to 
pointed out 
que 


ething. or 


covery raises the 


Is this really good for son 


is it simply a scientific curiosity 
Each new discovery requires enor- 
mous amounts of effort, time, and 


determine what 
Each must be 


scores 


money in trying to 


it might be 


examined 


good for 
evaluated by 
people 
varied backgrounds 
thousand unsolved 


and 


of competent with rich and 


and projected 
into a problen 
ituations to see whether or not 
helps in the solution of any of the 
world’s problems.” 

Alluding to industrial size, Mr 
MacDonald said, “Each unit must be 


big enougn to serve soci 


the performance of its chosen func- 
tior The size of a business, like the 
ength of a bridge, is deter ned by 


attempting to at 


I tasks ahe rY 
fear is not that ind jual and corp- 
ate effort will be found too big 
but that history may prove them to 


Hudson-Mohawk section's May 5t! 
ting offered a talk on Mot n of 


Metals During Radiation 


4 
Minerals | = 
a 
a member Of he 
Committers 
a 
~ 
» 
. 
rr 
R 1 R MacNaughton 
Past-President for 1961, Joseph L 
Gil 
1961, J. B 
an, The 
H Fe eTa- | 
Society of 
F. Beard- 
MEE. Kipp. Society of 
oe 


Bombardment. Speaking was John Seattle works. He spoke on Modern- Edwin H. Oshier served as Chairman 
B. Gibson of Brookhaven National ization of the Seattle Works for the meeting in the absence of 


Laboratory. Dr. Gibson described , : Frank Howell 
New York section invited its Ohio Valley took field 
members to tour the U. S. Metals fo Valley section took a fiek 


Refining Co.’s Carteret, N. J., plant trip through Armco Steel Corp.'s 
on May 20th. After a delicious buffet East works in Middletown, Ohio, 
luncheon given by the hosts, the May 13th. The tour was prefaced by 

he . / ‘ol- 
Burr conferred a membership pin on guests were escorted around the a luncheon courtesy of Armco. Fol 
John Newkirk of General Electric plant, which produces copper from lowing the tour, the group gathered 
fesearch Laboratory. The award ore, scrap, and concentrates. During at the Sports Bow! for a social hour 
was in token of his recruiting five the 2-hr trip the visitors saw the and dinner-meeting. On the heels 
new members for the Society. Chair- smelting section with the reverber- of dinner came a short business 


man Burr also took the occasion to 
emphasize the need to contribute to 
the United Engineering Center 
Building Fund Campaign 

Section officers for the 1960-1961 bar and continuous billet casting 
meeting season also were elected operations. Among the new installa- 
They are as follows: J. J. Gilman. tions the bag house and scrap baile 


the use of a computer to solve equa- 


tions of atom motion in a crystal 


undergoing radiation damage 
During the business portion of the 
meeting, Section chairman Arthur A 


meeting, then the evening's featured 
talk. Speaking was Harry Holiday, 
Jr., asst. general superintendent, at 
the East works. Mr. Holiday, winner 
of this year’s Iron and Steel Divi 
ion J. E. Johnson, Jr. Award, spoke 
on Steel Plant Operations 


atory and cupola furnaces and the 
converters. In the tough pitch dept., 
they were shown the anode and wire 
bar furnaces, together with the wire 


Chairman: Wiley Childs. Vice Chair. were viewed with interest. A quick On June 9th Section members 
man Jack Keverian. Secretary: look at the tank house and the elec- joined with the Women's Auxiliary 
Paul Methe, Treasurer: J. H Keeler. trolytic copper powder production of AIME at the Shelter House in 
Section Delegate; Wiley Childs, Pro- completed the educational tour Columbus The Dinner-Meeting 


gram Chairman. The five men also oe : featured a talk by Prof. H. E. Phil 
Black Hills section had a record lian of The Ohio State University 


matit 
constitute the Executive Committee breaking turnout for its April 7th is sublect was Hewell, Our Sth 

Cleveland section's last meeting of meeting at Moosecamp Lodge in State. The talk was accompanied by 

the 1959-1960 season was devoted to Black Hills, S. D. A total of 123 color slides i 
“4 Dislocations and Plasticity. Speak- members, wives, and invited stu- Carolinas section is the most re 


dents of the South Dakota School of cent addition to the AIME fold. The 
Mines and Technology heard AIME members have broken from the 


ing was J. J. Gilman, General Elec- 
tric Research Laboratory. Technical 


Chairman for the May 19th meeting President Joseph L. Gillson speak Southeast section in order to 
was John Pugh of GE's Lamp div on the pre-Columbian ruins of Mex- strengthen their prefessional and 
Ico geographical ties. Composed of both 
Western section, NOHC, had its Also on hand were Clifford J members in North and South Caro- 
last meeting before the summer lull Hicks, AIME’s Western Field Repre lina, the Section reflects a technical 
on May 25th. The dinner-meeting sentative; Ernest Kirkendall, AIME interest in non-metallic or industrial 
was addressed by N. L. Bock. chief Secretary: and Dr. and Mr Guy minerals. The Section is No. 92 of 
engineer of Bethlehem Steel Co.'s Bjorge of San Francisco. Professor AIME 


/ 


j 


or maximum efficiency in the production of 
specimens in the metallurgical laboratory the Buehler cabinet type polishing 
table with companion storage cabinets represents the latest modern develop 
ment of this type of equipment 

The convenience of this streamlined polishing equipment saves time and encourages 
the operator to produce the highest quality of polished sample 

Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long 
x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8” diameter wash bow] 
plumbing and wiring 

Recommended accessories to complete an efficient set up for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 
installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these 
cabinets can be used together to advantage in most laboratories 

The Formica top and back on the table and cabinet is installed with a smooth 
Formica edge that eliminates all metal rims that may form pockets for water and 
dirt. Covers are held in place on the back by magnetic holders. The large 8” wash bowl 
is a new feature that enables the operator to use both hands in washing specimens 

All metal construction finished in hammer tone grey makes a very attractive 
appearance. Prompt delivery can be made on these new items 
The Bwebler Line of Specimen Preparation Equipment includes . . Cut-Off Mechines 


Specimen Mount Presses * Power Grinders © Emery Paper Grinders * Hand Grinders © Belt 
Surfacers * Mechanical and Electro Polishers © Polishing Cloths * Polishing Abresives 


Buhler Ltd. METALLURGICAL APPARATUS 
© 2120 Greenwood Avenve, Evanston, lilincis 
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: NO. 1512 / 
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NO. 1513 
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j 
id 
No. 15 
at 
ai 


Deformation Meeting 
at Estes Park, Colo. 
July 11-12 

The 
Meta te 


tier Will De 


conte 


rence on Response of 
Higt Velocity Deforma- 


July 11-12 at the 


‘ ng or eng 

Advance re tratior $15 for 
\IME member S20 for on-mem- 
ber Make hecks pavable to w. €. 
Leslie, Treasurer, c/o Dr w. C 
Leslie ¢ Jain Laboratory for 
Fundamental Research, U. S. Stee 
Corp., Monroe e, Pa 

Hot rey tration ild be ide 
lirect t the Manager, Stanl 


USE the SERVICES of 
THE ENGINEERING 


SOCIETIES LIBRARY 


29 West 39 Street 
New York 18, N. Y 


Nome 


Old Mailing Address 


New Mailing Address 


Personals Form 


Former Company 
Former Title 

New Company 

New Company Address 
New Title 


Any recent activity thet would be 
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Change of Address 


NEW STUDENT MEMBERS 


niversity of California 
Hale MF 


Case Institute of Technology 


Gould. Ge we 


Colorado School of Mines 


University of Illinois 
He 


Massachusetts Institute of Technology 


dD 


Ree 


niversity of Michigan 
Gu t 


University of Minnesota 
g. Chu I 
Ohio State University 

h D 
Pennsylvania State U niversity 
Rensselaer Polytechnic Institute 


Gulese I 
j 


Seuth Daketa School of Mines & Tech 


Hvd ‘ K eth D 


Texas Western College 


University of 


\ Robe 


Wayne State University 


\ I 


or ve your publicattor 
y case f » the 
: it to The Metallurgical So 
ciety of AIME, + W. 39th St.. New York 15 
NA 
VY Personals: Please list below vour for 
und tithe and y r new tit anal « 
Copy deadline for personals iten i ix week 


of i 


Length of Time There 


Date of Change 


of interest to members 


STUDENT NEWS 


Student News page ha 


The 


beer u pended for the sur 
mer recess. The feature vill 
reappear in the fall ind we 
hope that you will keep us In- 
formed on your activitie Spe- 


mer 


’ i faculty ad ) who made 
thi feature Pp Keep up 
the good work in the fall! 


Call for Titanium 
Papers for Session 
During Annual Meeting 

There half-day 


will be a 


levoted to titanium research during 
the 1961 AIME Annual Meeting in 
February, according to H. J. Midden 
dorp, Chairman of the ubcommit- 
tee making the preparatior 

Pro pective author ire asked to 
ubmit abstracts of papers as soon a 
po Die and completed papers 
I ild be read by Se pt 30. Those 
nterested n presenting paper 

1 contact H J Midd: ndorp 
Chief. High Strength Metals Section 

pment or 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the following per- 


on to be qualified for member- 
hip and request that a mem- 
bership kit be mailed to hin 


Nome of Prospective Member 


Address 


Nome of AIME Member 


Address 


Stanley Hotel, Este Park, Colo Dugee Albert I a 
he two-dayv n tir cor. Halbe. Doug N 
I lay eeting incor albert cial thanks go the tudent 
full ile of activitie The Heiste Samuel B 
basic metallurgical phenomena that 
ecur in metals under high strain a ‘a 
d rate will be the ba for this meet- = rile | 2 
ing. It will not be concerned with ; 
| 
~ 
: Hotel, Estes Park, Colo tag 
vi 
Mackenzie. John ( VW ght-Patterson A Force Base 
Ld 
= 
a 
a 
a 
: Se 


4I1ME 
| vf 
\ NS CO ITTEE 
( I B 
Secre 
fie 
Members 
D H.W New Y 
Be G e W., cag I 
B T« e ( H te Ontar 
B cr es J., F ‘ H P 
E.. Youngst Or 
F be, D \ Be er Fa P 
BI Ml tre Que be Ca i 
J De b Mict 
Crree cr Belle e, I 
H ‘ I ( egie, P 
H D e A., Pittsburgh, I 
H Ge ge S.. Ill, ¢ iti, Oh 
H J \ W hee WwW Va 
Ke George H., Weirt Ww. Vv 
5 ‘ cr es R., El Paso, Texa 
| th Just J Ce 
Midde jorp, How iJ... Or 
ne 1 Me 
Pe Ste ‘ F id, Ala 
Q Charles C., Chic I 
I D el A., Jr., Pittst gh, |} 
R h, Halfred F Vie M 
Re ‘ Robe F.. Bue Aire Argent 
Manus T Chile 
s Rict P burgh, Pa 
Mi go, I 
s he Tr gt Oo ida 
Steve Robe cr I 
Ss bel, He in | Re ing, P 
Su th K | Pittsburg! 
I 
Tue ‘ A.. Chicago Heights, I 
Arthur ¢ D Texa 
zg. P. J., Pittsburgh, I 
Associate Members 
B ‘ Glen F.. Chicag I 
Be D i P 1 Height Ol 
I Robert ¢ Nast e, Te 
bell, J or 
G ge R.. Dolt I 
H ert H nd. Ir 
Re Mict 
Y 
Tr K.. Pittsburgh, I 
Vene je la 
enqu w ¥ k | 
St W at 
T e ise Hud 
Junior Members 
Gopal P., Pittsburgh, Pa 
K t Stuttgart, Ge 
He Utal 
‘ k D H.B ige 
F ‘ Rot C., Schenect 
G ‘ t Vv 
H ie | Eng 
He G 4. Hu gt N. ¥ 
K Ss M.. I 
‘ Me BC. 
Quigi« J Hig i, Ind 
Ss Ed cr gol 
RE-ELECTION—MEMBER 
H 1, Joseph Te 
REINSTATEMENT—JUNIOR MEMBER 
K i B field, N. J 
REINSTATEMENT—C HANGE OF STATUS 
Junior to Member 


Student to Member 


N. ¥ 


Student te Junior 


WwW 


Fle Albert H Upt N. ¥ 


CHANGE OF STATLS 


Junior te Member 


H Ind 


Associate to Member 
Steve I t i. Va 


Fid Robert A., E. Chicago, Ind 


VERNON W. JONES 


\r Appreciation 
» F. Reinartz 


SPECIAL REINSTATEMENT—ASSOCTATE 


nm Wilfred Jone 62, died in 


the Middletown, Ohio, hospital o1 
May 23rd after a prolonged cance! 


Mr. Jone an official of Armco 
Stee! Corp wa widely Known In 


Canada He aiso Wa a pron 


vic leader in his hometown 


eel circles throughout the US and 


inent 


Joining Armco in 1928, Mr. Jone 


became an elec 


the Central work 


became open-hearth general 


ic furnace melter in 
Middletown, 
Ohio In ICcct ive pron otion 


ne 


fore 


man, assistant open-hearth superin- 


tendent, and superintendent in 


1943 


In 1950, he was made superinten- 
dent of steel plant production. In 


1957, he was made assistant general 


uperintendent of the Middle 


work in charge of blast fur 


coke, and steel production. This 
his regular assignment when he 


Mr. Jones was an energetic 
ward-looking uccessful tee! 


town 
nace 
Wa 


for- 


x 


ecutive. He had many friends among 
the uperviso! and workers at 


Armco. He was known for hi 
dealings with worker 

Born in Albert Lee, Minn., on 
20, 1897 Mr. Jone and his f: 
later moved to Charleston, W 
where he was graduated in the 
it cnool He then attended 


Virginia University 


fair 


Va 
pub- 


West 


Prior to his Armco connection, he 


had worked for He Steel 


Naval Ordnance plant in Baltin 


Co 


Md., and The International Nickel 


Co. in Charleston, W. Va 


Mr. Jones had been an active 


member of tl 


he AIME since 1931 


He 


erved one year as Chairman of the 


Ohio Section f the National 


Ope n 


Hearth Stee! Committee. In 1959, he 
was elected Chairman of the NOHC 


Shortly before death 
Jones was awarded a life certif 


nembership in tne Committee 


Mr 


wate 


Ar rry 
Al Al co, he was a iova coopera 


tive co-work¢e in technical circle 
ne iiwa ng to part |} 
KT Vledpe if teelr iKING to as 
clate n othe tee p nt ind « 
pecia to the ounger mer mn the 
tee ndust He Va 
genia ‘ ind helpf 

a Cr tlan gentle i! 

Verr vas Known t mar 
eaves be i the memory of fe 
ve pent in the ‘ e t the 
Knew if t le the tee 
nd 


OBITUARIES 


Hary Hey, a prominent figure in 
Australia’s lead and zinc industry 
ind an AIME member since 1927, 
died in Melbourne April 11th at 67 
Mr. Hey was chairman and managing 
director of the Electrolytic Zinc Co 
if Austrasia Ltd. and chairman of its 
parent company, EZ Industries Ltd 
He joined Electrolytic Zine in 1917 
and was the company’s chief metal- 
| t from 1927 to 1943, when he 
wa appointed technical superin- 
tendent. In 1944 he became a director 
and from 1945 to 1946 was general 
manager. He wa appoints d manag 
ing director in 1947 and chairman in 


An Honorary Member of the Aus- 
tralasian Institute of Mining and 
Metallurgy, Mr. Hey was Deputy 
President of the Fifth Empire Mining 
and Metallurgical Congress held in 


NECROLOGY 


Year Pate of 
Flected Name Death 
1931 Calverle Je G No 28. 1959 
1917 Cook, W. Lorratr March 30, 1960 
+ Farst, Walter K Unknowr 

one Hehlert, Ott June 1959 
927 Hey, Harry April 11, 1960 
950 H t Fred K Apri i 1960 
4 J ‘ Ver Ww Ma 2 1960 
91 ale R. Apr 7 
‘ Ju 1959 
BoM Feb 8. 1960 
959 Wolford, Louis M Jat 6, 1960 
954 Whitmer, Virgil W November 1959 


A History of Metals 


Offered AIME Members 
At Discount Price 


A History of Metals is being of- 
fered AIME members at a 10 pet di 
count. This 690 pp. two-volume work 
is being offered by Interscience Pub- 

hers Inc. The regular price is $30 
however, AIME member may ob- 


tain the set for $27. The offer is made 
ivailable because of The Metallurgi- 
cal Sooety recent association with 


the publisher. Interscience is pub 
lishing a serie of METALLURGICAI 
Society CONFERENCE the proceed- 
ng if technical sponsored by The 
Metallurgical Society 

Leslie Aitchison, English consult 


ing metallurgist, i the author of A 
History of Metals. The work trace 
the story of metals from prehistori 
times to the present day. The set’ 
690 pp. contains 48 table and 262 
liustratior 

AIME members may order | 
two-volume work through 
Metallurgical Society 29 W j 
St.. New York 18, N.Y. Nor 
ber hould order directly { Ir 
terscience Publishers Fifth 
Ave.. New York 1, N.Y 
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Shaw, Donald 
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1953 
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Coming Events 


nference 


High- Velocity 


July 11-12, AIME ¢ 
f Material to 
F.stes Park, Cok 


Aug. 10-12, Ninth Annual Conference on Ap 
cat \ i Hot 
best Park, ¢ 
Aug. 28-Sept. 2. Eighth lnternati 
t (_alit titut 
Sept NOHC, Golf Outing 


1, Chicago Section 


(.1 mtry Club, Chicago 
Sept. 15-16, Eighth Annual Engineering Man 
igement Conference Morrison Hotel, Chi 
cago 
Sept. 19-20, Sth Fall Meeting, St I r 
\ 1} H tead H 
\ 
Sept. 23-24, Souther Ohi Sect NOE 
ith Ar al Technical Confer Deshler 


Oct. J, Chicago Section, Fa 
Meeting, Phil Smicdt HKestaurant 


Oet. 5-7, I ky Mt. Minerals Conference, New 
lense Hote Salt Lake City 


Ohet 12-13 Nati Symposium 
\ i Va Soctet uma 
‘ Het ‘ 

Oet. I2-14, h fer Analytica 
fer ‘> t Nuclear 
tor I ( th 


Sectior 
Statler-Hilton Hotel, Da 


thet 17.18 \ ti Ih Magne 

\ ti Pick Carter Hot Cleve 

Oct. 17-20, Fall Meeting of The Metallurgical 

« t f AIMEE Sheraton Hote Phila 


Jan. 18, 1961, \ 
Products Work 
Committee Meta " rety 

Penn-Sherat H | 
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m the Response Aw 
Deformation Ait 


Dinner 


Hammond, 


NOHC, Fall 


Products, Inc 


The 


Allis Chalmers 
\ Piete D pl 


Armour Research Foundotion 
of Illinois Institute of Technology 


ASEA Electric, Inc 
Mann-Ellis, 


Bailey Co, Wm. M 
Downing Industrial Adv., In« 


Incorporated 
McClure & Wilder, Ir 


Basic, 
Duffy 


ot Bell Telephone Labs 


N W. Ayer & Son, In 


Buehler Ltd 


Kreicker & Meloan, Ir 


Chemical Construction Corp 
Van Brunt & ¢ 


Corhart Refractories Co 
Doe-Anderson Ad Agen 


Davison Chemical 


\ dale & ¢ Ir 
Dravo Corp 
Ket m MacLeod & Grove ly 


Frankel Co., Inc 


Denham & 
General Atomic 
Barnes Chase ¢ 


General Motors Corp 
Campbell-Ewald ( 


General Refractories Co 
Le s & Gilt n, In 


Great Lakes Carbon Co 


Davis, Parsons & Strohmeier. Ir 


Harbison-Walker Refractories Co 
Downing Industrial Adv. Ir 


Hevi-Duty Electric Co 
Rert S. Gittins Adv. In 


Hutton Fabricating 
tes 1 
Jones & Laughlin Steel Corp 
n Patrick St Ir 


Kaiser Engineers 


M. W. Kellogg Co 


Lectromelt Furnace Div 
McGraw-Edison Co 


1-Eshieman ( 


The G 


Leitz, Inc., E 
and Comfy 


516-517 


518 


526-527 


504.505 


ADVERTISER'S INDEX 


Lindsay Chemical Division 
American Potash & Chemical Corp 
Franklin Brown, Inc 
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Robinson Cloy Product Co 
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Roland Press 506 
Swindell-Dressler Corp 
D Indust 


Sylvania Electro Products, Inc 
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Kudner Agency In 


Taylor Sons Co., The Chas 
The Kee & Stites ( 


Div 


Union Carbide Metals Co 
Union Carbide Corp 


M. Mathes, In« 


US. Steel Corp 
Columbia-Geneva Stee! Div 
Tennessee Coal & Iron Div 
US. Steel Supply Div 
US. Steel Export Co 


Batten, Barton, Durstine & Os nt 
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United Scientific Co 
Lar m Randall Ad I 


Walsh Refractories Corp 
Ralph Smith Adv. Age 


Wyman-Gordon Co 
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| 
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Oct. 1 Cover II! 
4 
— 
Oct. 13-15, 1960 Annual Mecting of the Non 
us | Society, Gr Park Inn 
ver Il 
Cove 
Oct. 23.26, § Rare Earth Research 522 
| 
| 
Cont Warwick Hot Philads 
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\ at Haile ne 
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DAVISON SILICA GEL... Life Saver for Oxygen in Air 


Separation Plants. To produce tonnage oxygen from low tem- 


perature air separation plants, nothing insures safer operation 


and higher purity than Davison Silica Gel as an adsorbent 
Where argon is produced as an important by-product, Davison 
Silica Gel again becomes a vital agent as an adsorbent for 


water vapor formed during purification 


Davison Silica Gel has proved its ability to remove acetylene 
and hydrocarbons as well as CO. and moisture in operation 
of low temperature oxygen equipment. For further information 
and technical facts about the use of Davison Silica Gels 
in the production of liquid oxygen and argon for steel and 
metal production, write to Davison Chemical Division, Dept. 


113, Baltimore 3, Maryland 


DEPARTMENT 113 


w.r.GRACE «co. 


DAVISON CHEMICAL DIVISION 
BALTIMORE 3. MARYLAND 
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a total of 15 


UNITRON INVERTED Metallurgical Microscope 


399 


UNITRON METALLOGRAPH and Universal Camera Microscope 


1199 


204-206 MILK STREET, BOSTON 9, MASSACHUSETTS 


Al 
Mic roscope. 
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